











HEN we build, let us think 

that we build forever. Let 
it not be for present delight nor 
for present use alone. Let it be 
such work as our descendants 
will thank us for; and let us 
think, as we lay stone on stone, 
that a time is to come when 


those stones will be held sacred 
because our hands have touched 
them, and that men will say, as 
they look upon the labor and 
wrought substance of them, ‘See! 
This our father did for us.” 
—John Ruskin. 
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Balloon Frame Construction 


The parts are: A, corner of frame showing the various members. M, is a substantial built- 
in stud brace, and S, a cheap let-in plank brace. B, temporary brace; C, short let-in plank 
brace; D, detail of built-up sill. . 

Balloon frames are probably so called because of their extreme lightness and 
cigidity, as they embody some of the characteristics of the balloon, including simplicity 
of construction and uniformity of outline, but basket frames would be a more appropriate 
name for them, as their construction partakes much of the basket pattern—that is to say, 
they have upright stays or studs, but wood instead of willow covering. 
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Foreword 
A OE OES ee, 8 


“The Audel’s Guides to the Building Trades” are a 
practical series of educators on the various branches of 
Modern Building Construction and are dedicated to 
Master Builders and their Associates. 


These Guides are designed to give technical trade 
information in concise, accurate, plain language. 


The Guides illustrate the hows and whys, short cuts, 
modern ways and methods of the foundation principles 
of the art. 


Each book in the series is fully illustrated arid indexed 
for readiest form of reference and study. 


The Guides will speak for themselves—and help to 


increase the reader’s knowledge and skill in the Build- 
ing Trades. 


—Publishers, 
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INDEX 


How to Use the Index.—By intelligent use of the index, the reader 
will have no difficulty in finding any item, and if he will carefully read 
the index he will be amazed at the vast amount of information to be 
found in this book, and will in this way find numerous items he would 
like to look up. This constitutes one method of study—a reference 
method. 

The making of an index is an art which requires long experience, the 
indexes for these Guides being made by specialists in that line. 

An index is said to be ‘full’? when each item is indexed in two or 
more ways. For a practical example, the item “Rip saw,” may be 
indexed either as ‘““Rip saw,” or “Saw/(s), rip.” This method of 
entering each item in two or more ways constitutes a full index. 

In the Carpenters’ and Builders’ Guides the author has abridged 
the index to gain more space for the main text, by largely avoiding 
the unnecessary cross indexing. . 

Accordingly, if you do not find the item “Rip saw” in the letter R, 
turn over to S, and look for ‘‘Saw(s), rip.” 

In case the item be not found under either heading, look up some 
associated heading, as, for instance, ‘‘Tools,” and follow down the 
indented items under this heading, looking for the desired item, 
“Tip saw.” 

It should be noted that when there is a main heading with comma, 
followed by indented items, the main heading should be connected 
with each indented item, thus: 


Plane(s), ills., 259-290 
block, ills., 265, 284 


the last item being read in full, “Plane, block, 265, 284.” 

Finally, if an item be not found in one Guide, look for it in the other 
volumes of the set. For instance, the steel square is explained in Guide 
No. 1, and its application to roof framing treated at length in Guide 
No. 3. 
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A 


“A” frame derrick, ills., 1,071. 


Ashlar line, 839. 


Backing, rafters, 962, 986. 
Balloon frame, 867-871. 
braces, ills., 910-913. 
pattern for laying out, 914. 
window studs, 921, 922. 
Barn framing, ills., 873, 874. 
Batter boards, ills., 838, 841. 
Beams, floor, placing, ills., 917-920. 
see Joists. 
Becket, def., 1,055 
Block and tackle, ills., 1,053-1,059. 
Braces, ills., 872. 
balloon frame, ills., 910, 913. 
corner post, laying out, ills., 906. 
joint, ills., 866. 
length, to obtain, ills., 905. 
permanent, ills., 911. 
plank, ilis., 911. 
shoulders, ills., 907. 
stud, ills., 912. 
temporary, ills., 910. 
wood for, 990. 
Bracket scaffolds, ills., 1,021—1,023. 
Bridging, partitions, ills., 925. 
sawing, ills., 898. 
Builders’ stirrup, ills., 900. 
Building Code, footings, 862. 
lines, laying out, 837-848. 
site selection, 837, 
Built in, long stud brace, ills., 870. 
Built up, corner post, ills., 868,908, 909. 
girders, ills., 876. 
plate, ills., 868, 870, 919. 
porch roof frame, ills., 1,013. 
sills, ills., 868, 893. 
Bulging joists, 896. 


Cc 


‘Cantilever, scaffolds, ills., 1,021. 


truss const., ills., 990- 
Ceiling joists—see Joists. 
Cellar girders, 877, 882. 
Chains and fittings, ills., 1,050-1,053. 


a 


Chimney scaffolds, ills., 1,020. 
Cleat, gained, out, ills., 1,016. 
Common rafters, ills., 939-941, 947, 949-955. 
Concrete, foundation, ills., 857. 

wall form, wood for, ills., 860. 
Conical roof, ills., 935, 938. 
Contractors’ implements, ills., 853, 854. 
Corner posts, 903-910. 
Cripple jack rafters, ills., 941, 944, 962. 
Cuts, rafter, 947, 949-961. 

roof, laying out, 986-988. 


Derricks, ills., 1,069-1,075, 1,085. 
Diagonal laying out, 845-847. 
Dietzgen transit, ills., 845. 
Doors, 924-927. 

sliding, 930. 
Double drum boom swinging hoist, 1,083 
Drain tile, foundation, ills., 857. 


Eagle square, ills., 975. 

Electric hoists, ills., 1,082. 

Excavation, for building, ills., 853, 854 
line, 839. 

Extension ladder, ills., 1,026, 

External let in and flush studs, 881. 

Eyebrow window, ills., 991-994. 


Face line, 839. 


Filling in, foundations, ills., 863, 864. 
Flitch plate girder, ills., 876. 
Floor, beams—see Joists. 
rough, 896, 897, 902. 
Flue extension raising, rig for, ills., 1,027 
Footings, foundation, 859. 
Foundation(s), ills., 849-864. 
excavation, ills., 853. 
footings, 859. 
post erecting, ills., 850-853. 
shoring, ills., 856. 
timber post, 849. 
underpinning, 858. 
water proofing, ills., 857. 
Framed portable scaffolds, ills., 1.018-1,020. 
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Framework of outer walls, 903-920. 
balloon bracing, ills., 910, 913. 
corner posts, 903-909, 913. 
erecting, 916. 
floor beams, ills., 917-920. 
half frame, ills., 913. 
joints, ills., 904, 905. 
patterns, post and stud, 913. 
plates, ills., 914, 919. 
ribbands, laying off, 914. 
studding, ills., 913, 915. 

Framework, openings and partitions, 921. 
porches, 1,005-1,014. 
100f—see Roof framing. 
skylight, ills., 997. 
stoop, ills., 1,005. 
window, ills., 991-923, 991, 992. 

French roof, ilis., 935, 937. 


G 


Gable or pitch roof, ills., 933, 934. 
Gambre! rvof, ills., 872, 934. 
Girders amd sills, ills., 875-891. 
built up, 876. 
cellar, 877, 882. 
fastening, ills., 873. 
flitch plates, ills., 876. 
joints, ills., 878, 882. 
solid, ills., 875-877. 
Girth joint, ills., 865. 
Ground water, 837. 
Grouting, sill setting, ills., 891. 
Guyed ladder rig, ills., 1,027. 


Half frame, 871. 


Hanger, joist, ills., 900, 901. 
Headers, and trimmers, 898. 
window, ills., 922. 
Hip, jack rafters, ills., 940, 943. 
rafters, ills., 940, 942, 952-966, 973. 
roof, ills., 934, 935. 
Hoisting apparatus, 1,029-1,086. 
crab winch, ills., 1,064. 
derricks, ills., 1,069-1,075, 1,085. 
differential hoist, ills., 1,062. 
double drum hoist, ills., 1,€83, 1,084. 
electric hoists, ills . 1,082. 
gin pole, ills., 1,067. 
operating, 1,082. 
pile drivers, ills., 1,071-1,076. 
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Hoisting apparatus,—Continued 
rope, ills., 1,030-1,048. 
spur gear, ills., 1,063. 
steam hoists, ills., 1,076-1,082. 
winch, ills., 1,064. 
windlass, ills., 1,065. 
worm hoist, ills., 1,060, 1,061. 
House frames, 865-874. 
balloon, 867-871. 
barn frame, ills., 873, 874. 
combination or half, 871. 
full, 866, 867. 
joints, 865, 866. 
Howe truss, ills., 993. 
Hypothenuse, rule, 845, 


i 
J 


Jack rafters, ills., 940, 943, 965, 966-978. 
Joints, brace, ills., 866. 

corner post, ills., 904-908. 

floor, Hls., 931. 

girders, ills., 878, 882. 

girtn, ills., 866, 904, 905, 

joist, ills., 893. 

lap, ills., 870. 

loaded, ills., 872. 

mortise and tenon, 865, 904, S05. 

sill, ills., 866, 879, 880. 
Joist‘s), bridging, sawing, ills., 898. 

bulging, 896. 

hanger, ills., 899. 

headers and trimmers, 898. 

joints of, ills., 893. » 

lengthening, ills., 925. 

placing, ills., 917-920. 

shrinkage, 890. 

sizing, 894. 

spacing of, ills., 894, 895. 


K 


Knot(s), anchor bend, ills., 1,041. 
Blackwell hitch, ills., 1,037. 
bowline, iJls., 1,030-1,032. 
catspaw, ills., 1,038. 
clove hitch, ills., 1,036, 1,041. 


Inter-tie, ills., 870. 
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Knot(s),—Continued 


com. timber an‘ half hitch, 1,041. 
figure eight, ills., 1,033. 

half hitch, ills., 1,034. 

rolling hitch, ilk., 1,039. 

scaffold hitch, ills., 1,036. 
sheepshank, ills., 1,040. 

slip, ills., 1,033. 

stevedores, ills., 1,033. 

taut line, ills., 1,089. 

timber hitch, ills., 1,034. 


L 


L eills, ills., 883, 884. 
Ladder, extension, ills., 1,026. 
form of scaffold, ills., 1,024. 
rig, guyed, ills., 1,027. 
Lattice purlin, ills., 993. 
Laying off rafters, ills., 986, 987. 
Laying out, 837-848. 
diagonals, 844. 
floor beams, 919. 
lines, 838. 
points on, 848. 
square, 839-842. 
surveyors’ instruments, 843. 
Ledger boards or ribbands, 862. 
laying off, 914. 
Level, contractors, ills., 843. 
Lines, building, laying out, 837-848. 
Lumber, shrinkage, 837-890. 


Mansard roof, ills., 935, 937. 

Metal, roofing. porch, ills., 1,014. 
skylight, ills., 1,000. 

Mortise and tenon joint, 865. 


Natural tangent, ills., 968. 
New York Bldg. Code, footings, 862. 


O 


Octagon rafters, ills., 944, 979, 982, 984. 
laying off, ills., 986, 987. 
Ogee roof, ills., 935, 937. 


Openings, and partitions, 921. 
carpenters’ rule, 923. 
doors, 924-927. 
windows, Hls., 921-927. 

Outriggers, ills., 1,016. 


Overlays, ills., 872. 


Painting, scaffold for, ills., 1,025, 
Partitions, 925. 
bracing, ills., 927. 
bridging, ills., 925. 
plate fastening, ills., 928. 
supporting, ills., 928. 
trussed, ills., 930. 
Patterns, post aad stud, ills., 913. 
Piazzas, 1,005-1,014. 
Pick, contractors’, ills., 857 
Pile drivers, ills., 1,071-1,076. 
Vitch roof, ills., 933, 934, 1,007. 
Plank braces, ills., 911. 
Plates, ills., 914, 919, 920. 
partition, fastening, ills., 928. 
Plough contractors, ills., 853, 851. 
Plumb bob, use of, ills., 842, 915. 
Porches, 1,005-1,014. 
circular, ills., 1,010, 1,012, 1,013. 
framework, ills., 1,005, 1,007. 
hip roof, ills., 1,008. 
octagonal, ills., 1,011. 
pitch roof, ills., 1,007. 
valley roof, ills., 1,009 
Posts, corner, 903-910. 
erecting for foundations, 849. 
Pulleys, ills., 1,053-1,055. 
Purlin, lattice, ills., 993. 
timbers, ills., 872. 


Rafter(s), backing, 962. 
birds’ mouth cut, ills., 950. 
bottom cuts, ills., 950, 
cheek cut, ills., 957, 951. 
common, ills., 938-941, 947, 949-955, 


cripple jack, ills., 941, 944, 962. 

cuts, ills., 947, 949-961. 

flush, ills., 1,009. 

heel cut, ills., 950. 

hip, ills., 940, 942, 952-966, 973, 1,008. 
jack, iHs., 940, 943, 1,008. 
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Rafter(s),—Continued 


jack, ills., 940, 943, 965, 966-978. 
laying off, octagon, ills., 986. 
length, finding, ilJs., 944-949, 963, 994. 
lookout cut, iJls., 957. 
measuring, 944-949, 963, 994. 
mitre cuts, ills., 958-960. 
octagon, 944, 979, 982, 984. 
plumb cut, iJIs., 950, 958. 
porch, ills., 1,007-1,013. 
seat cut, ills., 957. 
side cut, ills., 957, 960, 961, 978. 
size of, 939. 
square, use of, 949. 
tail cut, ills., 950-952, 957. 
top cut, ills., 950, 960. 
truss const., ills., 990-993. 
valley, ills., 941, 942, 952-961. 
jack, ifls., 941, 944, 962, 1,009. 
zero pitch, 979. 
Ribbands, 869, 920. 
laying off, ills., 914, $20. 
Roof(s), cuts, laying out, 986-988. 
common rafters, ills., 939. 
conical, ills., 935, 938. 
construction, 936. 
cripple rafter, 970. 
dome, ills., 936, 937. 
double gable, ills., 935, 937, 942. 
eyebrow window, ills., 991-994. 
framing, 933-994. 
French, ills., 935, 937, 943. 
gable, ills., 933, 934. 
gambrei, ills., 934, 943 
hip, ills., 934, 935, €72, 1,008. 
and valley, ills., 935, 936,9 66-971. 
irregular, ills., 989. 
jack rafters, 966. 
Tean to, ills., 933, 934. 
mansard, ills., 935, 937. 
octagon rafters, ills., 984. 
ogee, ills., 935, 937. 
pitch, iils., 933, 934, 1,007. 
porch, ills., 1,007-1,013. 
pyramid, ills., 934, 935. 
Fafters, 938-985—<see Rafters. 
saddle, ills., 934. 
saw tooth, ills., 933, 934, 1,002, 1,003. 
shed, ills., 933, 934. 
skylight, 997. 
truss const., 990-993. 
unequal pitch, 972. 
valley, porch, ills., 1,009. 
Roofing, metal, porch roof, ills., 1,014 
Rope, care, 1,047. 
chains and fittings, ills., 1,050-1,053. 


Rope,—Counlinued 4 
crowning, ills., 1,044, 1,046. 
emergency trip sling, 1,047. 
ends, treatment, ills., 1,045. 
knots—see Knots. 
manila, properties table, 1,035, 1,046. 
oiling, 1,036. 
pulleys, ills., 1,053-1,056. 
reJaying, ills., 1,043. 
snarl, undoing, ills., 1,047. 
weights, ills., 1,048, 1,051. 
whipping ends, ills., 1,045. 
wire, fastenings, ills., 1,049. 


S 


Sargent square, ills., 949. 
Saw tooth, roof, ills., 933, 934, 
skylight, ills., 1,002, 1,003. 
Sawing posts, 851, 852. 
Scaffold(s), bracket, ills., 1,021-1,023. 
cantilever, ills., 1,021. 
chimney, ills., 1,020. 
framed portable, ills., 1,018-1,020, 1,025 
hitch, rope, ills., 1,037. 
ladder extension, ills., 1,026. 
portable, ills., 1,018-1,020, 1,025. 
simple, ills., 1,016. 
supported, 1,019. 
suspended, ills., 1,024. 
Scaling for rafter length, ills., 948. 
Scraper, ills., 854, 855. 
Setting sills, ills., 890-892. 
Sheathing and siding, scaffold for, ills., 1,025. 
Shoring, ills., 856. 
Shrinkage, joists, 890. 
sills, ills., 887, 888. 
Sills, box, ills., 885, 886. 
built up, ills., 881-884, 887, 897 
cellar, ills., 882, 
joints, ills., 866, 879, 880. 
L, ills., 883, 884. 
leveling, ills., 889. 
setting, ills., 890-892. 
shrinkage, ills., 887, 888. 
solid, ills., 879, 880. 
stoop framing, ills., 1,005. 
T, built up, ills., 881, 883, 887. 
Site selection, 837. 
Skylight(s), 995-1,004. 
control for, ills., 996. 
framework, ills., 997. 
glass, ills., 1,000, 1,001. 
hinged, ills., 995, 996. 
saw tooth, ills., 1,002, 1,003. 
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Skylights,—Cominued 
ventilating, 999-1,003. 
Southington square, ills., 947, 977, 978. 
Square, layout, ills., 839, 840. 
steel—see Steel square. 
Staging, 1,024-1,028. 
Staking out, 837-848. 
Steam hoists, ills., 1,076-1,082. 
Steel square, backing bevel, ills., 964. 
Eagle, ills., 975. 
jack length, 974, 975. 
laying out cuts, 950-954, 986, 987. 
plumb cut, ills., 976. 
rafter length, ills., 946-949. 
Sargent, ills., 949. 
side cut, ills., 976, 978. 
Southington, ills., 947, 975, 977. 
zero pitch, 979. 
Stirrup, ills., 900, 901. 
Stoop, framework, ills., 1,005. 
Story pole, 926. | 
Studding, erecting, ills’, 916. 
for openings, 922. 
partition, ills., 929. 
Studs, brace, ills., 912. 
external let in and flush, 881. 
Supported scaffolds, 1,019. 


Surveyor’s instruments, laying out with, 843. 


Suspended scaffolds, ills., 1,024. 


T 


T sills, ills., 881, 883, 887. 
Tackle, ills., 1,053-1,059-. 
Tangent, rafter measuring, 968-972. 
Tile, drain, foundation, ills., 857. 
Timber, post foundations, ills., 849. 
shrinkage, 887-890. 
variation in width, 894. 
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Tools, story pole, 926. 
Transit, builders’, ills., 845. 
Trimmers and headers, 898. 
Truss const., ills., 990-993. 
Trussed partitions, ills., 930. 


U 


Underpinning, 858. 


V 


Valley, jack rafters, ills., 941, 944, 962. 
rafters, ills., 941, 942, 952-961. 
Verandas, 1,005-1,014. 


Ww 


Water proofing, foundation, ills., 357. 

Well holes, ills., 899. 

Window, eyebrow, ills., 991, 992. 
framing, ills., 921-927. 

Wire ylass, ills., 1,000. 

Wood used for, braces, ills., 990 
concrete form, ills., 860. 


posts, 851. 


Zero pitch diagrams, 980. 
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Laying Out 


Selection of Site on Lot.—The term laying out here means 
the process of locating and fixing reference lines which define the 
position of the foundation and outside walls of a building to be 
erected. 

Preliminary to laying out (sometimes called “staking out’’) 
it is important that the exact location of the building on the lot 
be properly selected. This involves a careful examination of 
the ground to determine the character of the soil which will 
largely determine its sanitary condition and influence on the 
health of the occupants. The chief object in this examination 
is to so locate the building as to obtain a dry cellar. In this 
examination, dig a number of small deep holes at various points, 
extending to a depth a little below the bottom of the cellar. 

The “ground water” which is always present near the surface of the earth, 
will, if the holes extend down to its level, appear in the bottom of the holes. 

This water stands always nearly at the same level, so that it is not met 

with so near the surface of a slight knoll or other elevation as in the case 

of a depression. 


If possible in selecting the site for the house it should be so located that 
the bottom of the cellar is above the level of the ground water. This means 
locating. the building if necessary at some elevated part of the lot, or 
reducing the depth of excavation. It is better to alter plans than to have 
a damp cellar. 


838 Laying Out 


Laying or ‘‘Staking’’? Out.—After the approximate location 
has been selected the next step is to lay out the building lines. 
That is, the position of the corners of the building must be 
marked in some way so that when the excavation is begun, the 
workmen may know the exact boundaries of the cellar walls. 
There are two methods of laying out the lines: 

1. With lay out square. «-.-» 

2. With surveyor’s instrument. 

3. By method of diagonals. 








Fics. 1,741 and 1,742.—Single and double batter boards. Afterlocating a corner of the proposed 
building by driving.down a stake A, erect either a single batter board as in fig. 1,741, ora’ 
double batter board, asin fig. 1,742. Note the general direction of the building lines Aa, and 
Ab, and locate the single board L, or double board MS, 3 feet back of the stake and with 
posts far enough apart so that the lines Aa, and Ab, (produced) will cut the boards at least 
30 inches from the posts. 


Whereas the first method will do for small jobs, the efficient 
carpenter or contractor will be provided with an architect’s 
level or transit, with which lines may be laid out with great 
precision and more conveniently than by the makeshift first 
method. 


The Lines.—There are several lines which must be located 
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at some time during construction and they should be carefully 
distinguished. They are: 

1. The line of excavation, which is outside of all. 

2. The face line of the basement wall inside of the excavation 
line, and in the case of a masonry building. 

3. The ashlar line, which indicates the outside of the brick, 
or stone walls. 

In the case of a wooden structure only the two outside lines 
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Fic. 1,743.—Location of front line of building. A,and B, are the two stakes witha nail driven 
in each, the distance between these nails being the length of front side of building. 


need be located and often only the line of the excavation is 
determined at the outset. 


Laying Out with Lay Out Square.—Start to lay out from any 
point on the ground at which it is desired to place one corner of 
the building, by driving a stake at this point. Back of this 
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point (far enough to be outside of the excavation line—about 
3 ft.) erect a batter board as shown in figs. 1,741 or 1,742. 

Suppose that the building is of rectangular shape and that the 
front of the building is to be parallel with the street. 


Starting at the stake A, fig. 1,742 (using double batter boards) lay out a 
line parallel with the sheet as in fig. 1,743, driving a stake B, at a distance 
equal to the length of the front of the building. The exact location of the 
ends of the line may be indicated by a nail driven into each stake. Since 





Fic. 1,744.—Largelay outsquare. In construction, get three 1 6 boards A, B, C, 10 feet 
long. Square off ends of A, and B, with precision (if this make these boards a little less than 
10 feet it does not matter). Mark off with care 8 feet on A, 6 feet on B, and 10 feet on C 
(if C, be short of 10 feet, get a longer board and mark off accurately 10 feet). Now place 
A, on top of B, and C, on top of both and fasten with nails. If this work be done with pre- 
cision an accurate right angle will be obtained at F. A much better job is to make a lap 
joint at F, so that surfaces A, and B, will lie in the same plane. The square should be 
notched at F, so the stake will not prevent placing it under the lines. 


the building is of rectangular shape lines must be laid out at A and B, at 
90° or right angles to the line AB. 


The right angle is obtained by means of a large square constructed as in 
fig. 1,744. The figure shows the right way to make the square by having 
boards A and B the same length. It must be evident that if A and B be 
cut off where they are joined to C, making B shorter than A,the extra length 
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of A does not add to the precision, as the latter depends upon the length 
of the shortest side. This square is shown in fig. 1,745 at corner A. 


In using the square, the legs and lines are brought into alignment by means 
of a plumb bob. Having thus placed one leg under line AB, line AD, is 
adjusted on the batter boards until it is directly over the nail in stake A, 
and the other leg of the square. When the four lines AB, BC, CD, and DA, 
are thus located and the work checked by measuring diagonals AC and BD, 
(which must be equa!), the lines are located permanently by sawing vertical 
slits in the batter boards into which ithe lines are placed. Stakes B,C,D, 
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Fic. 1745.—Lay out for building showing batter boards (a, b,c, d,) lines and stakes A, B, C, 
D, in position, also lay out square placed at A, to locate line AD, at right angles to AB. 


may now be driven at the corners, using a plumb bob to locate on the 
ground the intersections of the lines. 


Fig. 1,746 shows use of the plumb bob and fig. 1,747 method of perma- 
nently locating lines by sawing slits in the batter boards as slits L and M, 
for lines AD and AB. 


After permanently locating the four building lines, mark off on the batter 
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boards the distance the excavation lines are from the building lines and 
cut slits at these points, as in fig. 1,747. 


In excavating, the lines are placed in the outer or excavation slits, and 
may be later moved into the other slits as the work progresses. These 
lines are held taut by means of weights as shown. 


BUILDING 
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Fic. 1,746.—Method of bringing lines and lay out square into alignment, and location of point 
for corner stake by means of a plumb bob. 
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Fic 1,747.—Permanent location of lines by means of slits cut in the batter boards. Slits L, and 
M, locate the building lines. When the work is first started the boundaries for the excava- 
tion must be indicated. These extend some distance outside the building lines. Measure 
off this distance (say 30 inches) on the batter boards as shown (MS, and LF,) giving points 
M, and F, at which slits should be sawed. Evidently by placing the lines in these outer 

slits the excavation boundaries are obtained for the excavation. 
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) Laying Out with Surveyor’s Instruments.—The architect’s 
level, or a transit may be used, and as these are instruments of 
precision the work of laying out is more accurate than where 
the lay out square is employed. 

In fig. 1,749, let ABCD, be a building already erected, and it 
be required to lay out the site of a building GHJK, at a given 
distance from and at right angles to, the first building. 


Level up the instrument at E, making AE, as shown by the point of 
the plumb bob below the instrument, equal to the distance the side of the 
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Fra. 1,748.—Contractor’s or architect’s level. The various parts are named in the illustration. 
This instrument differs from the transit shown in fig. 1,759 in that it has no attachment for 
measuring vertical angles. This is not serious, however, since the builder seldom needs such 


an attachment. 


new building is to be from AB. Make BF, the same length as AE, and sight 
on a flag pole or rod placed on F. Make the vertical cross wire cut the 
stake exactly and fasten the clamp screw. 


Then have an assistant carry the flag pole to G, making FG, the required 
distance of the new building from the side BC. Have him move the pole 


from side to side until it is exactly in line with the vertical cross wire. 
Locate H, on the same line, making GH, the desired length. 


Then place the instrument over the point G, and level it up. Focus the 
telescope on the flag pole placed at E, or F, and fasten the clamp screw. 
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Turn the horizontal circle until one of the zeros exactly coincide with the 
vernier zero. Loosen the clamp screw and turn the telescope and vernier 
to 90 degrees. Any point which the vertical cross wire cuts, as K, will be 
on the side of the proposed building. GK, may be made the required length. 
The other side GH, is checked up by turning the telescope until the vernier 
zero corresponds with the other zero on the circle. If the work has been 
correctly done, H, will be on the point located before. 


The level may be used in setting floor timbers, in aligning shafting, 
locating drains, in ascertaining the height of springs and the depth of wells. , 


Fic. 1,749.—-Diagram illustrating method of laying out with surveyor’s instruments 


Method of Diagonals.—All that is needed in this nuethod is 
the twine for the lines, stakes and a tape measure. Here the 
right angle between lines at corners of a rectangular building is 
found by calculating the length of the diagonal which forms the 
hypothenuse of a right angle triangle with two adjacent sides. 
By applying the following rule the length of diagonal Or hy- 
pothenuse is found. 
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Rule.—tThe length of the hypothenuse of a right angle triangle is equal to the 
square root of the sum of the squares of each leg. 
Thus, in a right angle triangle ABC, of which AC, is the hypothenuse 





750.—Di builderstransit. Itrestsona tripod and consists of a small telescope with 
Re, cies wins, by means of which the observer may fix the line of sight very 
accurately. A circular dial contains a magnetic needle which enables the fixed dial to be set 
with reference to the true north and south line of the observer. After the fixed dial has been 
adjusted, the telescope may be swung to the right, or left, until the circular graduations 
indicate that it points in the direction wanted, after which stakes may be set. 


AG = VAB* + BO... cscs ucts ssaccscccevces (1) 


a - ‘ in 
This is very simple to apply. Suppose in fig. 1,752, ABCD, represen 

sides of a building to be constructed and it be required to lay out these lines 
to the dimensions given. Substitute the values given in equation (1) thus: 
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AC = v30? + 40? = 900 + 1600 = 2500 = 50 


wand out the rectangle of 1,752, first locate with stake pins the 40 ft. 


Attach to B, the line for the second side and measure off is li 

‘ , : on this line the 

oie sets 30 feet, = point C, being indicated by a knot. This 
stance mus accurately measured with the line i i 

Sr eine otliuetad e line in the same tension 





With end of steel tape fastened to stake pin A, adjust positions of the 


D 


LEG 





Fic. 1,752.—Diagram illustrating how to find the length of the diagonal in laying out lines 
of a rectangular building by the method of diagonals. 


tape and line BC, until the 50 foot division on the tape coincides with 
point C, on the line, then will ABC, be a right angle and the point (GR 


; properly located. 
Proceeding in a similar manner, lines for the other two sides of the rec- 


tangle are laid out. After thus obtaining positions for the corner stake pins, 
erect batter boards and permanent lines as in fig. 1,747. 
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Points on Laying Out.—In most localities it is customary for 
the carpenter to be present and to assist the mason in laying 
out the foundations. Upon ordinary residence work a surveyor 
is employed to locate lot lines. 


Once these lines are located, the builder is able to locate the building 
lines by measurement. 


A properly prepared set of plans will show both the present lay of the 
ground upon which the building is to be erected, and the new grade line 
which is to be established after the building is completed. 


The most convenient method of determining old grade lines and of 
establishing new ones is by means of the transit, or the Y level with the 
rod. Both instruments work on the same principle in grade work. Asa 
rule the mason has his own Y level and uses it freely as the wall is con- 
structed, especially where levels are to be maintained as the layers of 
material are placed. 


In locating the earth grade about a building, stakes are driven into the 
ground at frequent intervals and the amount of “fill” indicated thereon. 


Grade levels are usually established after the builders have finished, 
except that the mason will have the grade indicated for him where the 
wall above the grade is to be differently finished from that below. When 
a Y level is not available, a 12 or 14 ft. straight edge with a common 
carpenter’s level may be used, using stakes to define the level. 
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CHAPTER 36 


Foundations 


According to the Building Code, the term foundation includes 
all walls, piers or other supports below grade or curb levels. 
The proper construction of any foundation depends entirely 
upon conditions and the architect’s plans, presuming, of course, 
that their plans are properly prepared. 

Foundations are only treated here in a general way, but at 
greater length in later chapters dealing with the particular 
materials entering into their construction. There is a multi- 
plicity of ways in which foundations are made and various 
materials are used, such as, wood, concrete, brick, stone, etc. 
The particular kind of foundation best suited for a building 
depends upon the nature of the earth and other conditions. 

It is not often that the builder must determine sizes as, in most instances 
the plans come to him with all sizes detailed and marked, but, in the event 
of his coming upon conditions not discovered by the architect he should 
be qualified to speedily discern how to overcome them and proceed with the 
work in a proper manner. 


Timber Post Foundations.—The wooden post or pile is the 
simplest and cheapest form of foundation for light frame build- 
ing, tool houses, shops, bunk houses, bungalows and such like, 
on account of its handiness, ease of obtaining, rapidity of han- 
dling and placing and economy of time and material. 
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The posts should be selected from the branches or trunks of 
locust, chestnut, cypress or oak trees, if possible. They should 
measure not less than 6 inches in diameter at the smallest butt 
or end and they should be well seasoned, without checks, 
twists or sap, and be straight and sound in every respect. 


It is a good rule to sink the posts into holes dug not less than 
3 ft. deep. 


Three and one-half feet is better as the post in winter time, especially in 
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Fics.1 1753 and 1 »754.—Method of lining up pastsin constru-ting a post foundation. Locate and 
place in position two corner postsas A, and B. Stretch a lay out line between these posts so 
that it is tangent on the outside as in fig. 1,754. The posts to beerected between A, and B 
should be placed tangent tothe lines as shown by the dotted circles in fig. 1,754. In the case 
of a small post as M, it may be moved in fram the line a little so that the centers of the 


posts will be inline. An unduly large post as S, however, should not project outside the lin 
but be simply tangent to it. 


the very cold northern climates, invariably penetrates at least 2 fee 
6 inches or 3 feet into the ground, which must of necessity thaw and soften 
when the warm spring weather returns; so that the bottom ends should rest 


on solid ground or stone, so that they will not become loose, sink nor move 
when mild weather comes. ; 


Fig. 1,755 shows the method of erecting a post. 


If the ground or site for the proposed building be comparatively level 
this will bean easy task and the piles or posts may be of the same length but 
ifit be sloping or of a hilly character, then the posts must be supplied longer 
and set to suit the grade as represented in fig. 1,757, in which it is seen for 
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this particular location the ground dips to such a quick pitch that the 
seventh or last post to the left is two and one-half times longer than that 
to the right, but the average length of the posts inserted below the ground’s 
surface or depth of 3 feet of the holes is still maintained. 


If obtainable, good flat stones Squal to the diameter of each post hole, 
might be laid in the bottom and the post ends surrounded with small stones, 
before filling in the soil, which should be done gradually, each shovel full 
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Fic. 1,755.—Method of erecting a post. Note the large rock placed at the bottom of the hole; 
the post being plumbed from all sides with plumb bob and the earth being thoroughly 
tamped down as the hole is being filled. 


Fic. 1,756.—Method of sawing off top of post using cleats to guide the saw. 


first being thoroughly rammed and tamped down solid, at the same time 
keeping the post plumb all the way around, which can be done by walking 
to different sides of it, using either a plumb bob and string or if experienced, 
it may be experienced “‘by eye”’ 
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In addition to setting the post on a flat stone excellent results have been 
obtained by taking the bark off the post and even roughing it a little at the 
bottom and first putting in about 12 inches of fill with concrete. This so 
anchors it that it is not lifted by the gripping frost, as has been known to 
be the case. Posts other than locust or heart cedar should be barked and 
treated with a preservative such as painting with asphaltum tar. 


























Fic. 1,757.—Line-up of posts erected in sloping ground. 


Rows or long series of posts, in fact those of more than three should be set 
to a line or straight edges to preserve their straight alignment, and, in 
order that the timber sills set on top of them should rest on each and every 
post as near the center as possible and have full bearing support. They must 
also be sawn off to the same exact level height as shown in fig. 1,757 with the 
long cross-cut timber saw by nailing cleats on both sides in the manner 
illustrated in fig. 1,756. 


EDGES MUST BE STRAIGHT 


























Fic. 1,758.—Method of sawing off posts square and in the same plane by aid of long cleats so 
that the tops of all will touch the sill. For a good job this work must be done with precision. 
The edges of the planks used for cleats must be straight and in placing them in position they 
should be carefully leveled lengthwise and crosswise as indicated by the levels. 
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Where these are shown set level, some only use one cleat, but two are 
better on thick posts as they give steadier and more accurate cut. 


: A better method, especially where the posts are set close together is to 
use long planks for cleats, each setting taking several posts as in fig. 1,758. 


Finally the usual care, skill and patience must be employed and it is 
: essential that the ground be dry, firm and free from swamp or quicksand. 





Earth Excavation.—In every building specification made py 


| a competent architect or engineer the details of the excavation 





Fic. 1,759.—Contractor’s pick. Itis useful in loosening up hard and rocky earth. The head 
weighs from 7 to 10 pounds. 


form an important part. There is hardly a class of building 
construction into which excavation of earth or rock does not 
‘enter to some extent. 

The following data on earth excavation will be found useful: 


One excavator using pick and spade, will keep busy two shovellers and 





‘ i i ing i d, and even 
Fic. 1,760.—Contractor’s plough used in trenching or grading in common ground, 
gravel and road materials, as it is claimed. The material loosened by the plough is removed 
by the scraper, two patterns of which are shown in figs. 1,761 and 1,762. In each case the 
plough and scraper are drawn by a pair of horses. 
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two barrow wheelers in compact earth, but only one of each on ordinary 
clay. 


A shoveller will throw each shovel full of earth six to ten feet horizontally, 
or four to five feet vertically. 


In an eight-hour day a good excavator will dig and throw into a barrow 
six to eight cubic yards of common ground, about five cubic yards of firm 
clay or compact gravel, or from two and one-half to four cubic yards of 
hard ground where the pick has to be employed. One excavator to each six 
feet of face of cutting is as close as is desirable. 






















































































































































































Fics. 1,761 and 1,762.—Two forms ofscraper. _ These are like steel scoops, shovels or spoons 
used for movinz loosened earth or other material; a pair of horses are harnessed to the bail Ge 
cross piece by means of whiffletrees, and the scraper is then drawn over the ground, scraping 
up the surface like aspoon. The tool has a capacity ranging from three to seven cubic feet 
and is guided by the driver, who dumps the contents at the required spot by manipulation of 
the handles and steering the horses so as to tip the scraper. 


Wheelbarrows holding 1/;) cubic yard, are the most economical means 
of transport where the distance does not exceed 100 yards. Barrow runs 
should be provided, as they increase the capacity of the wheelers by at! 
least 50 per cent. These consist of 12” x 3” planks, mounted on box horses 
where it is desired to give an inclination. The gradient should not be 
steeper than one in twelve, unless assisting gear, such as hauling ropes, be 
provided. Efforts should be made to keep the slope down to one in thirty, 
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A barrow run is reckoned as about twenty-five yards, each foot of rise being 
estimated as equal to two or three yards extra run. 


Tip carts drawn by one horse are much used in transporting earth, but 
with them as with barrows it is more economical to provide good temporary 
_ ways, as the hauling power will be doubled thereby. Assuming good ways, 
_ acart can hold 34 cubic yard of earth, or say 1 ton. 


: In dealing with the removal of earth from long and narrow trenches, as 
~ in the case of foundations, most of the foregoing methods cannot be used. 


A rectangular bucket, narrow in comparison with its length, as fig. 1,761 
‘is designed for this special service, and is intended to be worked by a crane 
or hoisting engine. 
5 
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Mic. 1,763.—Method of using the 
“scraper (shown in Figs. 1,761 and 
+762) in levelling. At M, the 
‘Scraper is in horizontal position 
Scraping or scooping off the ‘‘high 
“spots,” and at S, the operator is 
een inverting the scraper todump 
ontents over a ‘‘low spot.” 



















A method, modified from a mine prospector’s device, is as follows: 
A trestle is erected astride the trench, having a runway 7ising slightly to 
the dump. A four wheeled carriage rests on this runway, and is Iccked 
in position by a catch over the trench; from this carriage depends the pulley 
for the bucket rope. A horse travelling horizontally pulls the bucket ver- 
tically; as soon as it is fully hoisted it disengages the carriage, and the 
horse pulls carriage and all to the dump. As soon as the bucket or skip is 
emptied, and the horse starts to return, the carriage runs back along the 
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runway by its own weight, and becoming automatically locked again, the 

bucket descends into the trench once more. 

If a portable railway can be used, it is also advantageous in working ona 
slope, to have the team of horses travel on the level, pulling at a rope led 
around pulleys and fairleads. 

Shoring.—The term shore, in carpentry, means an upright 
or slanting strut or brace, the upper end of which presses against 
the object supported. Shoring or the insertion of such braces 
or struts is frequently resorted to in excavating foundations; 








Fic. 1,764.—Detail of shoring showing method of construction when an excavation is to extend 
below an adjacent foundation or one near enough that might be endangered by it. When 
the excavation is made as deep as it is safe to, planks of a suitable size are sharpened on the 
bottom end and driven down behind walls AAAA; when wanted very tight they are tongued 
and grooved. Braces CC, are spiked to wales and to post anchors D, that are driven securely 
into the earth. When an inside row of planking is used to form trench, braces B, hold them a 
uniform distance apart. They are removed as the foundation rises. 


this means placing timber struts obliquely against the walls of a 
building to support it, should it be in danger of falling, or when- 
ever alterations are being made to its base. Naturally, if an 
excavation be carried close to the walls of an existing structure. 
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the pressure will tend to force the footings sidewise, and a 
collapse is threatened. 

Rectangular holes are cut in the upper part of the wall to be 
supported, in which are placed timber needles usually six inches 
square and a foot long, projecting seven or eight inches. On 
these needles is placed vertically a stout plank, its length 
depending upon the height of the building. Shores are arranged 
in tiers of three, abutting on one end upon a footing block of 
wood, and at the other upon the upper, middle and lower 
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Fic. 1,765.—Foundation construction showing footing of piling embedded in concrete cap, and 
brick foundation wall, the cellar being provided with a concrete floor. 


Fic. 1,766.—Foundation construction of all concrete showing method of water proofing witb 
crushed stone and drain pipe. 


needles through each plank. A customary size for these struts 
or shores is 12” X 6”. 

A cleat is usually nailed to the plank on the upper side of 
each needle to reinforce it, and one inch planks are nailed to the 
sides of each tier of shores to hold them together. 
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In deep excavations an important point is to have proper 
shoring; have the planking and timbers so placed that it will 
prevent a cave in. Fig. 1,767 shows ordinary shoring consist- 
ing of a framework and planks. “~ 


Underpinning.—This comprises a solid structure introduced 
temporarily or otherwise beneath the foundations of an existing 
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Fic. 1,767.—Ordinary shoring. In construction, put planks behind the frame and drive them 
down with a wooden beetle as far as possible Always dig on the outside line of the hole first, 
say about two feet deeper than the center; this gives a chance to lower the frame and planks 
and makes the work easier. As in many cases where the soil is very soft and, water appears 
at no great depth, have a place kept lower at all times to put a pump in or bale out. 


building to support them in case of alteration or excavation 
beneath the footings. 


A favorite method of underpinning is to build piers in pairs, one each side 
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of the threatened wall, to the desired height from solid ground. The wall 
is pierced for rectangular wooden beams, termed “needles,’’ which rest 
with one end on each pier of a pair. Wedges being driven in under the 
needles, the weight of the wall is transferred from the footings to the piers. 


Footings.—The term footing means the lower and expanded 
poriton of a foundation which rests on the excavated surface. Itis 
made wider than the foundation wall so as to reduce the pressure 
(per unit area of surface) to be supported by the excavated sur- 
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Fic. 1,768.—Foundation plan of part of a church showing various materials, sometimes found 
in excavating. 


face and thus reduce or prevent settling. The extent of this 
widening of the footing will depend upon the nature of the 
excavation or surface upon which the footing rests and the 
weight coming on the footing. 


To illustrate this, assume that fig. 1,768 represents the plan of a proposed 
building and that the materials of the earth under the footings are composed 
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of different strata, as rock, clay and uncertain sand, a condition not unusual 
in modern work, and that these materials are located as represented by the 
wavy lines. 


The capacities of the materials being different, it must be understood that 
they must be differently treated, so as to be, when treated, all of equal 
capacity. For instance, rock is a stable material by itself capable of sus- 
taining a weight of 200 tons to the square foot and fully fit. The other 
materials on which the foundation is to rest are compressible and unfit, so 
that they must be treated artificially to bring them up to the standard of 
the rock. 
































Fic. 1,769.—Form for concrete foundation wall and footing such forms should be made of semi- 
seasoned wood as when thoroughly seasoned, the wood will warp badly when the wet concrete 
is placed. Spruce, Norway pine, etc., are better woods to use than hard or Georgia pine. 
For ordinary foundation work 1-inch boards may be used. The studs may be assisted 
materially in holding the forms in position, by wires placed on studs. And by props placed 
against the dirt walloftheexcavation. In filling, use a wet mix; lay a 4-inch layer and then 
spade or work it well into place. The smoothness of the resulting faces is increased by an 
additional spading of the mixture away from the form. A good spading tool is made by 
straightening out an ordinary garden hoe. Forms should be allowed to remain until the con- 
crete will resist indentation with the thumb upon ordinary. walls. 
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In preparing such a bottom, begin at the sand portion, and make it fit 
by excavating to the specified depth or even past that to a good solid strata 
deep enough and dense enough to carry the weight superimposed; but if 
there be a possibility of the sand layer resting on the sloping top surface of 
the dipping rock, then he must dig down to the rock and level it off for a 
bearing. Should, however, the sand be retained within a hollow spot or 
basin in the rock, then the sand will be safe enough to build on, but this 
must be made sure of by test holes. 


The same directions apply to the clay stratum, which varies sometimes 
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Fic. 1,770.—Section of foundation, showing at A, a rock condition below a sand stratum sloping 
at a point where a foundation base must be placed and how it is leveled for it to avert any 
possible danger of its creating a pressure against the resisting sand by which it might yield 
upward where not under compression other than its own weizht, thus allowing base to slip 
and cause disaster. If it is to be placed against another wall as at B, it will be safe to lay the 
base at any depth below frost in the sand as at CC’. The sand cannot yield or be displaced 
unless voids are created. At D, the rock bed is quite level and the clay rests upon it, here 
the base of foundation may start, even without going to rock bottom and be perfectly safe. 
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more than sand, especially when there has been a deposit of water, showing 
a blue spongy material in the composition, which constitutes a compressible 
turf; in fact, clay varies more than sand, and consequently it must be more 
closely scanned to ascertain its nature and capacity. 


Concerning the material for the footing courses on bottoms of this assorted 
nature, concrete is considered the most reliable. 
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Sometimes the excavated surface is rendered fit for supporting the foun- 
dation by driving down a number of piles, the foundation being in fact 
carried by these piles. Many fixed standards are given for footings and 
foundations. 


The New York Building Code requires all footings to extend 
in ordinary concrete or bottom stone six inches outside the face 
of all walls or piers, or the spread of the footing to be 12 inches 
wider than the wall or pier which it will carry, and not less than 
8 or 12 inches deep, which is in accordance with the rule followed 
by architects. 


Brick footings on rock or concrete may be used if properly spread and 


Fics. 1,771 and 1,772.—45° and 60° footings. 


bonded, but a given proportion set to a recognized and fixed angle will be 
necessary. 


Fig. 1,771 shows a stepped-up footing of brickwork, with the steppings set 
to an angle of 45 degrees, which is easily obtained by setting back two 
inches, on the square of the thickness of each brick, until the thickness of 
the pier or wall is reached. Similarly in fig. 1,772 the foundation is set back 
or splayed to an angle of 60 degrees (with the horizontal), with one 
inch steppings on each course. 


Some prescribed angle should always be adhered to, calculated, of course, 
according to weight of wall or superstructure, and the earth or rock upon 
which it starts. Also a very important matter is to preserve the bonds 
always with a two-inch overlap. 


Every pier or brick buttress must have its foundation footing placed at 
right angles to the axis or center line of its axis, be it plumb, racking, or 
battered, so that the thrust on the base shall be directly on the axis line. 
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Finally, as a general rule, all foundations and footings should never 
be less than one-third wider than the wall above. 


Filling.—After foundation walls have been completed, the 
earth previously excavated must be filled in against the outer 
sides up to the level of the ground. 

Many new walls have been sprung, sometimes so badly as to 
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Fic. 1,773.—Correct method of filling against wall. Evidently the fillis partly supported by the 
series of steps rather than wedged against the wall when the side of the excavation slopes 
outward as indicated by the line MS. 


have to be rebuilt, on account of improper method of filling. 
Sometimes heavy walls are thrown down by filling in with earth 
between the wall and the inclined bank of the excavation, caus- 
ing a sliding pressure against the wall as the fill and weight in- 
creases. Sometimes the slide is accelerated with much water 
settling through it before finally settled, which takes much 
longer than the seasoning of the mortar in wall. 
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The simple remedy is to level the bottom and square the 
sides in step courses as the fill is made, as shown in fig. 1,773; 
this prevents the wedging action which would be present were 
the side of the excavation sloping as indicated by the line MS. 
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CHAPTER 37 


House Frames 


The frame of a house comprises the sills, corner posts, braces,. 
studding, girts or ledgers, girders, floor beams, cap or plate, 
rafters, etc.; it is the network of timbers to which the outside 
covering, floors and partition walls are attached. The various. 
types of frame are classed as: 





VERTICAL SECTION: 
THROUGH A-B 
Fics. 1.774 and 1,775.—Basis of the full frame: the mortise and tenon joint draw bored. 


Imagine the expense today of fastening together the various members of a house frame with 
these joints, and the cost of the massive timbers. 
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Fics. 1,776 to 1,779.—Full frame and details o 


f the joints A, corner of frame showing the 
various members; B, brace joint; C, girth joint; D, sill joint. 
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1. Full. 
2. Balloon. 
3. Combination, or half. 


heavy timber 
4, Barn} manity 


| 
| Full Frame.—lIn the early days when lumber and labor were 
cheap this type of frame was universally used. It consists of 
heavy and solid timbers fastened together with mortise and 
tenon joints secured by pins. The frame is in fact put together 
without the use of any nails except for rafters and in spiking the 
floor beams and small pieces in place. 





The excessive amount of labor required to make all these joints and cost 
| of the heavy timbers required render this type of frame so expensive today 
| that it is rarely used, inferior or makeshift framework of the balloon type, 
| later described, having come into general use to reduce the cost. The 

mortise and tenon joint secured by a pin as just mentioned, and as shown 

in figs. 1,774 and 1,775, is the basis of the full frame and the characteristic 
| features of this frame are shown in figs. 1,776 to 1,779. Note the elaborate 
. mortise and tenon draw bored joints. 


Balloon Frame.—This is a cheap and as usually put together 
amore or less objectionable construction. A well built balloon 
frame is satisfactory for a moderate sized house, but how often 
_is one well built? 

Since the balloon frame is a type which invites poor work 
and a certain class of builders cannot resist such a temptation, 
‘jt has a bad reputation. In many cities a balloon frame is not 
accepted within the fire limits, though a combination frame 
“usually will be accepted wherever a wooden building is allowed. 


| A distinguishing feature of the balloon frame is that it is built of ligAt Gn 


fact usually too light) timbers which are fastened by spiking or nailing, 
there being no mortise and tenon joints. 

Built up sills of light construction are used, the studs extending from the 
sill to the plate if pieces of the right length can be obtained, otherwise they 
are fish jointed. 
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Fries. 1,780 to 1,783.—Balloon frame and details of construction. A,corner of frameshowing _ 


the various members. M, is a substantial built-in stud brace, and S, a cheap let-in plank 
brace. B, temporary brace; C, short let-in plank brace; D, detail of built-up sill. 
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Ribbands or ledger boards are cut into the studs to carry the floor beams 
on the second floor. The braces may be temporary or permanent. 


An unscrupulous builder will reinforce the framework with temporary 
braces or diagonal pieces consisting of light planks nailed on at the corners 
and remove them as the siding is put on, depending on the latter for stiffness. 
These temporary braces (made of 1-inch stock) could easily be made per- 
manent by being let into the studs so as to be flush with the outside. A 
better method is to use 2 X 4 studding. 


It is a bad characteristic of balloon construction to use the lightest tim- 
bers. The braces usually extend from the second or third stud on the sill 
to about two or three feet from the plate on the corner post, though an 
unscrupulous builder will not extend them above the second floor. A 
balloon frame is a fire trap unless properly bridged so that there cannot be 
any air circulation between the walls and siding. The general features of 
balloon framing are shown in figs. 1,780 to 1,783. 


Comparison of Full and Balloon Frames.—In early days 
when people were content to live natural lives, and before the 
ruthless destruction of forests had reached its present stage, 
houses were built as they should be—substantial, well put 
together, and lasting. Conditions of today, however, preclude 
such construction. Houses are now usually built with a total 
disregard for lasting qualities and this is not always the fault of 
the builder, but of the purchaser who will not stand the expense 
of first class construction. 


To those contemplating building a house the best advice 
that can be given is to keep the cost down by reducing the size 
of the proposed house rather than resorting to cheap makeshift 
construction. A very good comparison of the extremes of former 
and present: practice is given by Radford as follows: 


“Some fifty or fifty-five years ago when lumber was more plentiful, it 
was the common practice to build frame houses, great and small, with solid 
timbers. The sills, plates and corner posts were often hewn from the round 
timber with axe and adz, often taking months in preparing these for the 
‘new house.’ In fact, it was quite the custom to commence the year before 
to get out the timbers, preparatory for the day of ‘house raising.’ After 
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the timbers were hewn to the desired size, then came the work of laying 
out the mortise and tenons for joining the different parts together. No 
nails or spikes being used for this work. 


“*The corner posts were usually made out of timbers six or eight inches 
square with the inner corner hewn out to receive the lath and plaster. 
Think of doing that kind of work nowadays. This carries us back to the 
time of the building of our old home, now more than fifty-five years ago; 
though only a lad we remember the time the trees were being felled in 
the forest and, after a long wait for the timbers to be squared, they were 
hauled to the building site, and, after a time for them to season, the car- 
penters came and, as though but yesterday, we see them under the old apple 
trees astride the timbers with auger, chisel and mallet working away from 
morn till night. 


“It was just so with all of the work connected with the building. The 
mill work was gotten out by hand, even to the sash and doors. How well 
they built their works remains as a silent witness; suffice it is to say the 
latter day workmen could gain some good pointers in construction from 
these old timers. Neither short hours, long hours, strikes nor lockouts 
worried them. Those were days of toil, days of contentment and peace. 
How different it is now! 


“When thenew house is decided upon, within sixty or ninety days itisready 
tomoveinto. The work is divided up into different classes and done by dif- 
ferent workmen. The solid timbers are no longer used for the framework. 


“Tn its stead the sills and other timbers are built up with joists and stud- 
ding commonly known as balloon framing, and everything is rushed from 
start to finish, and in the hurry many things that should be done are 
overlooked, to the detriment of the house. 


“Some of these things may require but littleornoextraexpense, if attended 
to at the proper time, but if neglected prove a serious detriment to the 
building.” 


Combination or Half Frame.—As a compromise between the 
extremes of oid and present practice the combination frame 
gives a satisfactory construction at moderate cost. It makes 


Fics. 1,784 and 1,785.—Continued. 


balloon type long braces, built-up plate. The braces may be mortised and tenoned or nailed. 
In the best frames of the type the studs are mortised and tenoned at the top and nailed at 
the bottom; ordinarily they are nailed at both ends. The sill joint may be lap, as at A, or 
mortised as at B, with short mortise for the post tenon as shown. 
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-—Heavy timber barn frame, showing ordinary sizes of timbers fora38 x64 


barn with 16-foot main posts, gambrel roof and detail of loaded joints. An important point 


in this kind of construction is that no timbers supporting a heavy load, as beams, cross sills, 
etc., should be allowed to rest on their tenons alone, but all should have a shoulder or bear- 


ing across the whole end of the timber as shown in fig. 1,787. 






































Fics. 1,786 and 1,787 
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fics. 1,788 to 1,792.—Plank type barn frame and enlarged views showing details of the joints- 
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less use of heavy timbers and expensive mortise and tenon 
joints and more use of planks and nails, that is, the combination 
frame combines the desirable features of both the full and 
balloon frames, rejecting the unnecessary refinements of the 
full frame and the objectionable makeshift construction found 
in the balloon frame. Fig. 1,784 shows how some of the details 
of both types of frame are combined to form a desirable method 
of construction at moderate cost. 


Barn Frames.—Of the two general types of barn frames, the 
heavy timber frame in which all the members consists of heavy 
squared timbers with mortise and tenon draw bored joints seem 
to be a survival of the sturdy construction of the early days 
before timber became partially extinct and was all hewed out 
by hand. The later type known as the plank frame is claimed 
by mary to mark a decided improvement over the other as 
being more easily erected, equally substantial and much cheap- 
er, especially where large timber is not easily secured. Figs. 
1,786 and 1,787 show the general features of a heavy timber 
frame for a large barn and figs. 1,788 to 1,792, a plank frame. 
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Girders and Sills 


The preceding chapter gives a general idea of the several 
classes of frames. The various details of these frames vary 
largely, there being in general one right way and many wrong 
ways of constructing each part, and in this connection, pur- 
chasers, or those contemplating having a house built should be 
acquainted not only with the right way but also with the ob- 
jectionable methods employed by some architects and contrac- 
tors so as to reject the plans or work unless it be up to approved 
practice. 


It is poor economy to specify cheap and inferior construction 
as houses so built are never satisfactory. In this and following 
chapters the various members of the frame, such as girders, sills, 
corner posts, studding, etc., are considered in detail, showing 
the numerous ways in which each part is treated. 


Girders.—By definition a girder is a principal beam extending 
from wall to wall of a building affording support for the joists or 
floor beams where the distance ts too great for a single span. Girders 
may be either solid or built up as shown in figs. 1,793 and 
1,794. 


The solid girder is easier to frame than the built up type, but gives less 
head room than the built-up type as can be seen from the illustrations. 
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Where extra strength is necessary and it is desired to save head room, a 
flitch plate girder as shown in fig. 1,795 is used. 


An objectionable method of construction is shown in fig. 1,796. Here it 
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Fics. 1,793 and 1,794.—Solid and built upgirders. An ordinary size of built up girder is made 
of three 2 X 10s witha 2 X 4 attached to each side on which the joists rest, as shown. 


IRON WOODEN BEAMSsx~ 
BOLTS PLATE 





Fic. 1,795.—Flitch plate girder. It consists of an iron plate (called a flitch plate) bolted 
between two floor joists. This construction may be regarded as a substitute for an I bean. 
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must be evident that the strength of the girder is considerably reduced by 
the wood removed for the mortised joints. 


In laying out the girders they must be cut to such length that they will 
have not less than six inches bearing on the walls. 


Placing Cellar Girders.—These will require to be lifted into 
the place on top of the piers and walls built for them in the 
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_—Solid girder with floor beams let in. Ordinarily a 6X 8 yellow pine girder is used 

yp tas ona D3 X 12 brick pier with bluestone cap. The floor beams M, and §, are let 

into the girder to a depth of 4 inches. The top 2 inches of the 2 X 10 beams rest on top 

of girder, thus making girder flush with bottom of beams. The construction is objectionable 

not only on account of the unnecessary labor required to cut the numerous mortises for the 

floor beams, but especially because of the reduction in strength of the girder due to the wood 
removed in cutting the mortises. 


cellar, and set perfectly level and straight from end to end. 
Some prefer to give their girders a slight crown of say 1 inch in 
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entire length, and it is a wise plan, because the piers gen- 
Er settle ane than the outside walls. When there are posts 
instead of brick piers used to support the girder, the best method 
is to temporarily sustain the girder by uprights made of pieces of 
2 x 4 joists resting on blocks on the ground below. When the 
superstructure is raised these can be knocked out after the per- 





Fics. 1,797 and 1,798.—Two forms of iron strap tie for fastening two girders at pier. At M, iy 
shown a simple rectangular iron strap, one being nailed to the two beams on each side. Ss 
shows the T, form or “‘strap anchor.” The full retaining or “anchoring” power of the T, 
ends is obtained by letting these straps into the girders making them flush and their nailing. 
This gives a very strong joint where great resistance to tensile stresses is desirable, but 
ordinarily the labor of mortising the girder ends to let in the anchor strapsis a waste of time. 


manent posts are placed, resting their bottom ends on a broad, 
flat stone, to form a base or foundation footing. 

If the supporting posts and piers be not placed or built until 
after the building is erected, then carpenters should exercise 
good judgment when jacking the girders up to place them under 
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the girders and not raise them so much as to strain the building, 
and it is always desirable to obtain the crown mentioned before. 
The practice of temporarily shoring the girders, and not placing 
the permanent supports until after the superstructure is finished, 
is favored by good builders, and it is well for carpenters to 
know just how it should be done. 


Sills.—A sill is that part of the side walls of a house tha. rests 
horizontally upon the foundation, to which it should be securely 
fastened. 





OBJECTIONABLE 
JOINTS 


Fics. 1,799 and 1,800.—Objectionable methods of joining sills at corners. The square butt joint 
(fig. 1,799) is very objectionable as it depends upon the boarding and the finish to hold the sill 
together. No architect or carpenter who values his reputation will specify or construct such 
ajoint. The mitre joint (fig. 1,800) although there is a chance to fasten with bolts MS, and 
LF, is not much better as the labor required to saw the mitre could be spent making a lap 
joint which would permit a locking mortise and tenon joint with the corner post (later ex- 
plained). 


There are numerous types of sills, and some of the creations 
that now go under the name of sill would not be recognized by 
an old time workman; in fact a stretch of the imagination would 
be necessary to associate some of these modern contrivances 
with the duty they are supposed to perform. 
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Fics. 1,806 and 1,807.—Built-up solid sills consisting of two or more timbers two ins. thiek 
thoroughly spiked together with the ends overlapping as shown. If the pieces be crooked 
or sprung they often may be straightened by nailing pieces together which are sprung in 
opposite directions. 
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Fic. 1,808.—Cross section of cellar of small frame house showing foundation, pier, girders, sills 
and floor beams. Where the girder is made up of more than one piece, the lengths are usually 
butt jointed as shown at L, but sometimes a half lap joint is used as at F. 
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Figs. 1,801 to 1,803 show desirable joints for sills of various sizes. 


Owing to the difficulty of obtaining large straight timbers in long lengths, 
sills are sometimes built up ‘‘solid’’ as in figs. 1,806 and 1,807, as distin- 
guished from the so-called box construction. Sills thus built up have about 


75% of the strength of solid timbers of the same size. 


Of the various open type built-up contraptions called sills, there are 
numerous forms consisting of a beam (usually of same cross-section size 











we, 


Fics. 1,817 and 1,818.—Built-up T sill with flooring and base board in place before and after 
shrinkage. See that crack? Such cracks will invariably occur with such sill construction 
unless the lumber has been thoroughly well seasoned because there is no provision for shrink- 
age. 


as the floor beams, or thicker) resting upon a similar horizontal member 

called the bed plate. Sills of such construction may be called L or T sills, 

according to the location of the beam on the bed-plate and resulting resem- 
| j blance to these letters. 


irders and Sills 


G 


888 


‘ *ZuL100Y pue pieog aseq UsaMyeq Yavs9 Aue Zuuaaaid AemM sty} Ul pue 
a3eWULIYs JO Sso[pseZ9I szied Jo UorzIsOd 9AVe[A1 SWS 9Y} ZUIUIEZUTEUI SNY} ‘9SIMSSO1D SHULIYS POOM 9Y} Se BULIOOY 9Yy} YIM UMOP 
$903 pieod aseq ay} Moy JUIMOYS ade HULIYS 497s) pUvauosagq JdvId Ul pivod aseq PUL ZULIOOY YyIA IIIs XoOG—OZ8‘T Pue 618‘ “SOIT 


ual 7 auOsae 

















Yooid HLIM 
NMOG S309 
auvog asva 


Girders and Sills 


Woy Pep ysowye AT[e19UeT suIOD JoquIN] 
*gBeyULIYS 1oJ aplAoid jou Op Jo ‘op 
q AeuI s}nd ZurAuedwOIe 94} UL UMOYS SI]IS SNOLIA VU] 
ue UoTyepuNo}J 3} JO do} ay} jo 
peor oy} Aled 0} SI Wee BY} JO UOTSUN; oy L 
pue ‘sis Yons Jo sodA} [esaAes MOYS OTS] OF 608"T “SSI 


*pouosees Buleq JOYA [fut oy} 
‘s]]IS oY} Se Wozt JURPOdUIT UR SI SIU LT, 


889 


yZno1 Jayj}o pue spnys 
Aa SB Burpsoooe ‘sassejI OM} OUT PaplArp oe 

*systof ay} Joy Burj00j B aptAoid 0} p 
AO PRO] 94} BINqLysIp 0} 93e/d peq a4} Jo 
“S][IS XOq PaT[EI Os JO SULIOJ OM} HTB" T PUB €1g‘T “s3y 


seqtyo7e Ue YR JasMIY placid AjBurpso0sce [TA 
SABMIE [IM YIOM SIY UL po}SatozUT Jajuuedie> Aue 
*PISULI] 10 ‘[aAQ] $,JI9} Gore YA ‘CERT “BY *[eA2] 

“@c8'T PUe 1Z8'T “SOIT 






*Burpaag] Ul asn JO; [9A2] &,3 
pue uorsise1d yo spoyjzeur Aojdura 0} Us2x 2 
put ajeIN99e VJOUI dy} St pOYyUl 19738] OY L 
pue o3pa 3y4s1eNs yA ‘*T7T BLY “TNSe Burjoag] JO spoyyoul OMT — 


_— 


890 Girders and Sills 


i nO ee eR as Doak SoS est 


Now as lumber seasons it will shrink from 34 to 1 inch to the foot in width, 
while the shrinkage along its length is scarcely perceptible. Accordingly, 
when the studs have their footing on the bed plate as in fig. 1,817, with 
flooring laid out to studs and base board fitted close to floor cand nailed to 
studs, it looks all right and is all right until the lumber begins to shrink. 
Remembering that the shrinkage takes place crosswise, it must be evident 
that as the joists shrink they will take the floor down with them, leaving 
the base board suspended on the studs with a crack from 14 to 34 inch 
between the baseboard and flooring as in fig. 1,818. 






Z Ne et SILL JOINT 
Av DATION, WITH SPACES 8 7, SEALED (BEDDED) 
FOR WATER TO COLLECT YIN LAYER OF MORTOR 
Fics. 1,823 and 1,824.—Wrong and right way to set sills, especially built-up sills. The joint 
between the bottom of the sill and top of foundation should be thoroughly ceiled to prevent 


entrance of moisture or water which will quickly rot the sill. Moreover, when the joint is 
not ceiled cold air will come in through the cracks—also insects. 






‘ ane a be avoided by footing the studs above the sill as in figs. 1,813 
0 1,816. 


Evidently, when shrinkage takes place in the floor joists and sill beam, 
the studs go down with them, thus keeping base board, floors, doors, etc., 
in their original relative positions. 


Setting the Sill.—After the girder is in position, the sills are 
placed on top of the cellar walls, rounding side up and hollow 
side out, and are very caretully fitted together at the joints and 
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leveled throughout. The last operation can either be done by a 
sight level, or by the following method: 

Place seven-eighths inch blocks at intervening distances on 
the length of each side, also one at either end, and set a long 
parallel straight edge on them, also set a true level on the upper 
jointed edge of the straight edge. The sill must be wedged up, 
or lowered down until the air bubble in the level tube is exactly 





Fic. 1,825.—First class setting of solid sill showing sill ceiled with grouting and secured by 
anchor bolts. 


in the center, and each piece must also be wedged up or lowered 
till the blocks all touch the bottom edge of the straight edge. 
In all cases the whole length of the sill should, if possible, bear 
solidly on the stone work, and may either be bedded in mortar 
or made up solid with chip pieces of slate, stone wedges or 
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furrings, and these should not be inserted less than two feet 
apart. 
After the sill has been leveled as just directed it should be 
sealed under by forcing a web of strong mortar under it from 
both sides to insure a tight closure as well as to hold the sill 
and wedgings under in place. 
The wedges shall be set far enough under from face of sill as not to pro- 


trude the mortar, especially outside where the sheathing is to be scribed to 
wall and fit neat to sill. 


Sills to rest on a wall of masonry should be kept up at least 
18 inches above the ground, as decaying sills are a frightful 
source of trouble and expense in wooden buildings, sheathing, 
papering and clapboarding covering them should therefore be 
very carefully done to effectually exclude all wind and wet 
weather. 
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CHAPTER 39 


Joists 


After the girders and sills have been placed the next opera- 
tion consists in sawing to size the floor beams or joists of first floor 
and placing them in position on the sills and girders. 





Fics. 1,826 to 1,828.—Various joints of joist with solid sill. Fig. 1,826, cheap construction; 
fig. 1,827, first class but expensive construction with mortise where it is desirable to reduce 
height above sill; fig. 1,828, toe piece substitute for mortises. Although the joist here need 
only to reach to the stud, but additional strength is secured if it be extended to the outside 
of stud so that it may be spiked to stud as indicated by the dotted lines. 


An important consideration is the method of resting the 
joists upon the sills and girders. With built up sills this 
depends upon the form of the sill, but when solid sills are used 
there are several forms of joints available as shown in figs. 


1,826 to 1,828. 
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Because of the great variation in the size of timbers it is necessary to 
always size the joists to 1 inch narrower than the timber, so that their 
upper edges will be in alignment. This sizing should be done from the top 
edge of the joist as shown in figs. 1,829 and 1,830. 


When the joists have been cut to dimension they should be 
VERTICAL MEASUREMENT_. MEASURE FROM TOP EDGE 





Fics. .,829and 1830.—Two joists cut or notched for joint with sillshowing necessity of taking 
the vertical measurement from the top or floor edge because of the variation in width of 
the timbers. 





































































































Fic. 1831 -—Spacing of joists illustrating why they are spaced 16 ins. “‘between centers.”” In 
laying out it 1s not necessary to scribe the marks at the centers as MS, but the distance ig 
more Conveniently measured from the sidesas LF. If the space to be filled be not a multiple 


of 16 inches the variation should all come at one side of the room so that the laths will not 
have to be cut more than necessary. 
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placed upon the sill and girders, and spaced 16 inches between 
centers, beginning at one side or end of aroom. This is done to 
avoid waste in lathing. 


Since the laths are 4 feet in length, which is a multiple of 16 inches, 
their ends will come over the studs, as shown in fig. 1,831, when the joists are 
spaced 16 inches because the studs are spaced the same as the joists. This 
spacing should be done with some precision. A good method is to lay off 
the spacing on a plank, and accurately space each joist by “tacking’’ plank 
to the joists asin fig. 1,832. This tacking consists in driving the nails only 
partially in, leaving the heads projecting so that they may be withdrawn 
later with a claw hammer. 








STAY BOARD 
OR SPACER 


JOISTS 


NAILS DRIVEN 
PARTIALLY IN 


% 
é 

* 
* 
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Fic. 4,832.—Joists in place on sill illustrating how they are spaced and retained in position 
until permanently fastened to studs. 
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A floor joist should be nailed against the outside walls (the walls parallel 
with the joists) to provide nailing surface for the floor boards where the 
type of sill used does not provide such surface. 


Figs. 1,833 and 1,834 show types of sill which require, and do not require 
a special end joist for nailing surface. 


Bulging.—To prevent joists springing sideways under load 






FLOOR NAILING 
SURFACE FOR 
PLANK ENDS 


ae as joist nailed against studs to provide nailing surface for the ends of the 


which would reduce their carrying capacity, they are tied to- 
gether diagonally by 1X3 or 2X3 strips, this reinforcement 
being called bridging, the 13 ties being used for small houses 
and the 23 stock on larger work. 


Rows of bridging should not be more than 8 feet apart. 
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Bridging pieces may be cut all in one operation with a mitre 
box, save for the uneven length pieces at the ends, or the more 
common method shown in fig. 1,835 may be employed. Bridging 
would be put in before floor is laid fastened with two nails at 
each end. Before the bottom end is nailed the floor joists 
should be forced up until it has a crown in it. 


TP SILL BEAM PROVIDES 
NAILING SURFACE 
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Fic. 1,834.—One of several types of built up sill which do not require an end joist to pro- 
vide floor nailing surface. 


A more rigid (less vibrating) floor is had by cutting in solid 
2 inch joists of the same depth. They should be cut perfectly 
square and a little full, say }% inch of the inside distance be- 
tween joists. First set one in every other space, then go back 
and put in the intervening ones. This prevents spreading and 
allows driving these second ones home with the strain alike in 
both directions. 
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Headers and Trimmers.—The foregoing operations would 
complete the first floor framework in rooms having no framed 
openings technically called well holes, such as openings for stair- 
ways, chimneys, elevators, etc. 
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MAKE THIS DISTANCE 
EQUAL THICKNESS OF 
BRIDGING. 
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BRIDGING 
STOCK 


Fic. 1,835.—Method of sawing bridging on joists. In starting cut proper bevel onend ofstock, 
and place in position as shown with lower edge of bevel at a distance above lower edge of 
joist equal to thickness of bridging as judged by eye. Saw vertically along joist as shown, 
using joist as a guide for thesaw. This cuts the piece to the desired length and bevel and at 
the same time gives the lower bevel for the next piece. 


By definition a header is a short transverse joist which supports 
the ends of one or more cut off joists (called tail beams) where they 
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are cut off at a well hole. A trimmer is a carrying joist which 
supports an end of a header. 

When there are well holes the headers and trimmers around 
them must be placed first. 


It will not very often occur that mortise and tenoning will be required 
for well holes in balloon frame construction, but when it does, care must be 


DOUBLE 


WELL HOLE 
FOR STAIRS 





Fics. 1,836 and 1,837.—Single and double header and trimmer construction around “well 
holes.” 


exercised to have the work come right and the proper way is to place and 
nail one trimmer beam first in exact position on the sill and its like (fellow) 
joist opposite it, loose. This done, the framed header or headers may have 
its tenons placed in the mortises in the pair of trimmers and the loose 
trimmer made parallel to the one that is nailed, that is, it must be the same 
distance apart at the sill end as the length of the header. When there 
are two headers, paralleling to sill is not necessary. Always square the 
header from the trimmer. 
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The practice of first placing all trimmer and header beams for stairs, 
chimneys, etc., should always be followed because the openings are th 
sure to be in their proper positions. : 


Having thus framed the well holes, the remaining joists are then carried 
in and framed with proper spacing as indicated in the plans. 


Often, in balloon framing well holes are cut out after joists are in place. 
When not supported below spike a joist to those that are to be cut, with the 
end overlapping the one next not to be cut. Always allow for the thickness 
of the header or double header so that when spiked into place the opening 
will be the required size. Sometimes the header is longer than that required 
for ordinary stairs, or has to carry a partition or other extra load; then it 

















Fic. 1,838.—Builder’s stirrup or joist hanger. It consists of an iron or steel strap so con- 
structed that it hangs over the trimmer or header and forms a footing for the header or tail 
beams, being much stronger than mortise and tenon, or spiked joints, as no wood is cut away, 
or nails depended upon to carry the load. 


is good practice to use wrought iron strap hangers of a size adequate to the 
load, as shown in figs. 1,837 and 1,838; sometimes these hangers are used 
on both headers and tail beams. 

This construction is stronger than spiking, or mortise and tenoning. 


The following table gives the usual sizes of these hangers carried in stock. 


— 
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Standard Stirrups or Joist Hangers 
































Size of Size of iron 

Hanger 

4x 10 

4X 12}x 2 

4x14 
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At this stage, either a temporary floor should be laid (using the flooring 
material rough side up, or in case there will be no interference by the side 
wall construction this rough floor may be laid permanently. 


With a built up sill such as shown in fig. 1,839, it is necessary to perman- 
ently lay the rough floor before the wall framework can be erected, This 
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operation is shown in fig. 1,839. It isno drawback to permanently lay the 
rough floor before erecting the wall framing when the construction will 
permit, but an advantage as the flooring then has to be laid only once and 
the danger of falling through the joists with carelessly laid temporary floor 
avoided. This danger arises when plank ends project over a joist so that 
when a workman steps on the end of such plank his weight presses it down 
and causes him to fall between the beams. In every case the end of each 
floor plank should rest on a joist. 


DIAGONAL 
ROUGH FLOOR 
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pane ir eee floor at Sev batia ie! laid before erecting wall framework. The 
! y permits but requires that the rough floor be perma i 
at this stage of the work, because the studding shoe rests on ten of i SAT an ae 
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CHAPTER 40 


Framework of the Outer Walls 


The term “framework of outer walls” here includes the 
corner posts, girts, ribbands, studding and plate forming the outer 
framework from sill to rafiers. 

Whether the outer walls shall be framed before the rough 
or sub-floor of the first story is laid will depend upon the 
type of sill as already explained. Some sills, as for instance the 
box sill shown in fig. 1,839, require the rough or sub-floor to be 
laid first because the studding shoe rests on this flooring as 
shown. 

In general, where the construction permits, it is advisable to pie a 
ly lay the rough floor before erecting the wall studding, to avoid ‘“‘traps” 
and save the time of laying and removing a temporary floor. It also fur- 


nishes a surface on which to work and a sheltered place in the cellar for 
storage of tools and materials. 


Solid Corner Posts.—In the full frame system of house 
framing, the corner posts are made from solid timbers (not built up). 
In such construction the frame is put together on the rough floor and 


raised in sections, whereas in balloon framing the corner posts and each 
stud are raised separately. 


A solid corner post must have a tenon cut at the lower end 
for the joint with the sills as in fig. 1,840, and two mortises cut 
at the proper joint for the tenons of the flush and sunken girts 
as in fig. 1,841. 
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In best work a tenon is cut on the plate end for a mortise and tenon 
joint with the plates similar to the joint at the sill end, though usually the 
plates are simply spiked to the post. It is thus seen that this solid full frame 
construction requires an excessive amount of labor, the present high cost 
of which together with the expense and difficulty of obtaining the heavy 
timbers precludes much work of this kind. f 


The construction of the braces is shown in figs. 1,842 to 1,850. 


All mortise and tenon joints except at the corner post ends 
are draw bored. 


1 










































LATH NAIL: 
ING SURFACE 
Fries. 1,853 to 1,855.—Various built-upcorner posts. Fig. 1,853, socalled corner post made of 


two studs. Fig. 1,854, three-piece “‘Y,” form; fig. 1,855, three-piece “‘U,” form. A few 
laths are shown in position in the figures to indicate the lath nailing surface. 


An inch auger bit is generally used. The pins should be one inch diameter 
and made of oak for a spruce or yellow pine frame. 


When there are intermediate posts they are mortised and draw pinned 
into the sills. In laying out the mortises and other cuts for the sills, corner 
posts and girts, very accurate measurements should be taken and verified 
before tooling the pieces. The importance of this must be apparent, con» 
sidering the loss of time and material if a piece be spoiled owing to error in 
measurements. 
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as a corner post save by a stretch of the imagination. Figs. 
1,853 to 1,858 show various arrangements of built up post 
commonly used. 


Balloon Bracing.—In balloon framing the bracing may be 
temporary or permanent. By temporary bracing is meant 
strips nailed on as in fig. 1,859 to stay the frame during 








Fic. 1,859.—Temporary balloon frame braces. The temporary brace istacked on the frame 
from the inside tostay thestructure duringconstruction. The nail heads are left projecting 
alittleso that they may be withdrawn with a claw hammer in removing the brace after the 
siding is on. Such construction should not be permitted. 
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construction and which are removed when the siding is put on, 
the latter being depended upon for stiffness. Such construction 
cannot be too strongly condemned and no contractor or car- 
penter with any regard for his reputation will tolerate such 
makeshift method. 









OE 


< 











OUTSIDE 


Fic. 1,860.—Permanent plank brace. It is put on from the outside, being let into the studs so 
that it is flush with the outside of the frame. These views do not show true length of such 
braces, being shortened here and also in fig. 1,861, to bring out details more clearly. 





Permanent braces are of two kinds: plank and stud, as shown 
in figs. 1,860 and 1,861. The latter being of heavier timber is 
naturally the stronger. 


The layout of a brace of unequal span by direct measurement with the 
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Fics. 1,861 to 1,864.—Stud brace as used on half frames and sometimes in balloon frames, and 
method of obtaining length by direct measurement with steelsquare. Since these braces are 
of unequal pitch and of lengths beyond the range of the brace measure table, place square on 
edge of timber so that the lengths of the two spans taken on tongue and body on scale of 
1 in. =1 ft. register with the edge of the timber, as in fig. 1,862, giving points M, and S. 
The lengths 6 ins. and 12 ins. correspond to the 6 ft. and 12 ft. spans marked in fig. 1,861. 
Measure the distance MS, with square as in fig. 1,863, obtaining the length of beam 13 5¢ ins. 
\+-) on square which corresponds to 13 ft. 5 ins. (+) on scale 1 in. = 1 ft. In measuring the 
point S, comes between the 5/12 and 6/12 divisions, (each of these divisions representing 1 in.), 
and as judged by eye in amount corresponding to }% in. hence the reading for beam length is 


13 ft: 514 ins. Fig. 1,864 shows method of laying out the top and bottom cuts which needs 
no explanation. 


NOTE.—Posts and studding. Some carpenters and builders form their corner posts 
in balloon frames of two 2 <4 joists spiked together to make 4 <4 sticks, as it were. Some use 
44 scantling, and others make them of one stick of 46. The posts and studding can be laid 
out from one pattern, which should be first framed just as the studs and posts will be. This 
can either be made out of a piece of 74-inch pine or a 2 X4 stud, and it must be laid out for the 
gain for the girt strip or ribbon and squared at the top and bottom ends. The pattern should 
be perfectly straight on edge and be without wind. When a good pattern is made the posts 
‘are first placed on the saw horses and laid out. The ends are also sawed off square and the 
gain is sawed and chiseled out for the strip. Next the wall studs are placed on their edges 
on the saw horses in quantities of 6, 8 or 10 at a time and the edges squared over from the 
pattern. Careful carpenters use two patterns, placing one each side of a number of joists, 
when laid on the horses, and then squared across from end to end, or from gain to gain, thus 
making sure that they will be exactly right. Studding should be laid out on the rounding 
edge, so that the hollow edge will come on the outside or face side of the wall. When the edges 
are marked the faces are squared over. Some prefer to lay the pattern on each piece singly, 
and mark the face of stud at once, thus avoiding the necessity of squaring over the edge. This 


practice undoubtedly saves time, but the sawing must be done by good workmen or the joints 
won't be square. 


Framework of the Outer Walls 913 


steel square using a scale of 1 inch = 1 foot is shown in figs. 1,861 and 1,864, 
and the marking of top and bottom cuts in fig. 1,864. Since balloon braces 
are considerably larger than full frame braces they are beyond the range 
of the brace table on the square. Moreover, being of unequal span the brace 
table does not apply, hence the length is conveniently found by the direct 
measurement. For this purpose the inches on the outer edge of one side of 
the square are divided into 12ths, hence on a scale of 1 inch = 1 foot, then 
each division on the square will represent an inch—the fraction of an inch 
being gauged by eye. 





Fics. 1,865 to 1,867.—Various brace arrangements in half, and balloon frames. Fig. 1,865, half 
frame with sill and girt braces; fig. 1,866, balloon frame with sill and cap braces; fig. 1,867, 
balloon frame with long brace reaching from sill almost to cap. 


Preparing the Corner Posts and Studding.—In laying out 
the posts and studs, a pattern should be used, to insure that all 
will be of the same length with gain and any other notches or 
mortises to be cut, at the same elevations. The pattern can 
be made out of a piece of 7 inch pine or 42 x 4 stud, and it must 
be cut to exact length square at both ends, and the gazn or notch 
for ledger board (in the case of a balloon frame) laid out at the 
proper elevation. The pattern should be made from a selected 
piece of wood having straight edges and be without wind. 
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If a stud be used for pattern it may be afterwards used in the 
building and therefore counted in with the total number of 
pieces to be framed, thus avoiding any waste. 

After making pattern place first the posts on the saw horses and marked 


for sawing and chiseling from the pattern. Next the wall studs are placed 
on their edges on the horses in quantities of 6 to 10 at a time and marked 


NOTCH FOR RIBBAND 





Fic. 1,868.—Pattern for laying out corner posts and studding in balloon framing. 


from the patterns. Lay studding on the rounding edge so that the hollow 
edge will come on the outside of the wall. After marking edges, square 
faces. The ledger board is usually 1 & 6, and in sawing the studs for the 
notches to let in ledger board great care should be taken not to saw deeper 
than 1 inch on thickness of ledger so as not to unnecessarily weaken the 
studs—this is very important. 


Ledger boards or ribbands, and plates are laid off by placing them along- 
side the layout for the studs made upon the sills and transcribing the marks 








Fic. 1,869 .—Studding assembled on horses with pattern in place ready to be marked for cutting 
by aid of square and scriber or pencil. 
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Erecting the Frame.—If of the heavy type mortised and 
tenoned, it is put together on the floor and raised in sections. 
If of the balloon type the corner posts are first set up, plumbed, 
and secured in position by braces (temporary or permanent as » 
the case may be). Next the ledger board or ribband is fastened 
to the corner posts, then each stud is set separately, foot nailed 
on the sill and to the ledger board, the latter being let into the 
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Fic. 1,872.—Corner post and intermediate stud braced withri i 
c é ribband in place. The illust i 
shows method of anchoring brace for intermediate stud on rough floor by nailing to Mite i 


Fic. 1,873.—Method of erecting studs showing operations of toe nailing and nailing to ribband 
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When the man with plumb bob announces that the post is plumb, the 
other man holding brace against the sill drives in the nail, thus staying post 
as in fig. 1,870. The operation should be repeated with another brace on 
the other side of the building so that post will be plumb both ways. The 
studding is then fastened in place as shown in fig. 1,873. 


With studding in place the next operation is to place the second floor 
beams these gained or notched. Three inches from the end should pull or 
push the whole first floor sides into perfect alignment. 


re Y2.1N. LESS THAN WIDTH OF FRAME OVERALL 
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Fics. 1,876 and 1,877.—Usual shape of second floor, and ceiling or attic beams. 


In laying out and framing the second story floor beams their full length 
will be equal to the full width of the frame less 144inch. The ends are kept 
short at each end to keep them back from the outside edges of the building. 
The bottom edges are notched on the line of the inside edges of the studding 
1 inch wide and 1 inch deep to fit over the upper edges of the ribbon. These 
beams may be laid out from a pattern. 
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In laying out floor beams it is important to place the pattern. 
fair with the top or rounding edge of the timber and to mark. 
the notches at an equal distance from this top edge. 

This is done to make the top edges all level so that the floor may have a 
level surface when the beams are placed and the flooring laid. 


The wall plate which is the same length as sill, will plumb the second post. 
one way after the first one has been plumbed, this time from the second’ 
floor and again the third tier of beams will line the walls. 





BUILT UP 
PLATE 

















Fics. 1,878 and 1,881.—Plate construction. Fig. 1,878, solid plate showing lap joint at post; f ig- 
1,881, built-up construction. Usually built-up plates are formed of 2 X 4, or 2 X 6 scantling. 
in two thicknesses as shown. They are firmly joined at corners by overlapping and on long 
sides of building the joints are well broken to give extra strength. 


If the second (third or fourth), story be not a full story, then the trussed 
rafters must hold the sides in place. 


The ceiling beams usually rest on ribbands but sometimes on the plate, 
the ends being sawed at the angle of the rafters so they will not project. 


above the rafters. 
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CHAPTER 41 


Openings and Partitions 


1. Openings 


There are several wrong ways and one right way to frame 
the openings for windows and doors. Some set up all the 
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Fics. 1,884 and 1,885.—Single and double framed openings for windows. All windows opening 
except those of very small size, should have double thickness of studding, but the arrange- 
ment 0f doupie stuading sbown in fig. 1,885 is objectionable, especially in balloon frames. 
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studding, and then cut the studs for the openings; others even 
put on the sheathing solid, cutting away both studs and sheath- 
ing for the openings. This is a waste of time and material. It 
is much easier to saw studs lying level on horses than when 


me 
i 


WINDOW FRAME 


MUST BE AT 
} LEAST 1 IN. 
SPACE 





Fics. 1,886 and I ,887.—Wrong and right way to construct header for window opening. In fig. 
1,886 the weight carried by the studs is supported by both pieces forming the header. Nowin 
a balloon frame, especially if there be no window directly above, considerable weight must 
be carried by the header, which will cause it to sag and the pressure will come on the window 
frame, distorting or injuring it. Fig. 1,887 shows how this may be avoided by leaving a space 
between the two pieces and arranging them so that all the load will be carried by the upper 


Piece. The space LF, between cross pieces should be from 1 to 2 ins., depending upon span 
and load to be carried. 


Fic. 1,888.—Truss over window opening, especially desirable in balloon frames where the studs 
extend from sill to plate and where considerable load must be carried. The two studs or 
diagonal pieces receive any load coming over the window and Carry it to either side of the 


opening where it is taken by the side studs and carried down to the sill, The space between 
M, and S, must be at least one inch. 
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nailed upright in the frame. The openings should be laid cut 
and framed complete before they are fastened to the frame. 
Studding at all openings must be double to furnish best and 
proper nailing for trim, and must be plumb. 
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Fics. 1,889 and 1,890.—How to determine size of opening for a window. With dimensions given, 
vertical opening is estimated thus: sill 1%; sub sill, where frame is made with one, 2; 
bottom rail from edge to bottom of rabbet, 3; glass in lower sash, 34; meeting rail from rabbet 
to rabbet, 1; glass in upper sash, 34; top rail 2; space for head jamb and lugs of side jamb, 2 
or 3; total, 79ins. Carpenter's rule: Add 11 ins. to the glass measurement to get vertical 
height between stool and header. If there be any horizontal members add 14 in. for each. 
Width: glass 28; munter }4; stiles for rabbeted edge to outer edge 4; casings 8; total 
40% ins. This is the distance from center of outer studs. 
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it di i izes for the open- 

Some carpenters find it difficult to determine the proper sizes 
ings. Windows are usually listed by the size of the glass: thus, 24 X 32, 
two light means that the window has two lights with glass 24 inches wide 








BETWEEN., 


1.4xSTUDDING 


Fics. 1,891 and 1,892.—Detail of two story house frame showing openings for windows. 


NOTE.—How to estimate opening for door. Height: Allow rough floor 34; finish floor W; 
threshold 5%; door, 7, or as ordered; head jamb and space for lugs of side jambs 2 to 3; 
total from floor joist 7 ft. 5ins. Width: Door 3 ft.; casings 414 ft. each; totalspacing center 


to center of studs 3 ft.9ins. This will leave space enough to put the doubling studs on each 
side between header and flocr. 
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and 32 inches high. The width of the opening between studding s 

10 inches wider than the width of the glass which, in this case ‘ os aut 
between studs. The height should be 11 inches more than the length of 
the two lights, thus two 32 inch lights measure 64 inches, and adding 11 
inches, gives 75 inches. The 11 inch allowance is obtained thus: allow 6 
inches for wood or sash in height, 2 inches top rail, 1 inch meeting rail, 3 
inches for bottom rail, 1 inch for top jamb, 1 inch for sub sill, 2 inches for 
sill and 1 inch for play, making a total of 11 inches. Allow for possible 
variation from standard dimensions. 








FLOOR JOISTS 
TOP PLATE 


STUDDING 


BRIDGING 





Fic. 1,893.—Partition running at right angles to joists, showing cheap yet desirable and com- 
mon practice of stiffening with horizontal bridging cut from over lengths of studding set 
about midway between floor and ceiling. By inserting horizontal bridging, uniform spacing 
is readily secured. Assuming that lines have been struck on a level across the studs as 
aa, and that all cutting or bridging is cut to exact lengths, either for herringbone or linear; 
there is enough variation at times in the thickness of studs to distort their plumb line. When 
herringbone is used there is a tendency also to wedge when driving in and if care be not used 
in keeving to the line, allowing for variation, conditions as at 6 and ¢ will occur. By ita 
percentage of support is lost and setting lath is aff ected. The curvature caused at b; 
sends c, much above the line. To drive it down would cause a greater spring in stud d. 
the level of floor aboveit is also affected. Whenshoe or plate is thin and laid directly across 
joists without sub-flooring under, care should be taken to—as neaf as possible—have studs 
rest on shoe directly over joists as at ¢, rather than as at f. 
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Figs. 1,884 to 1,887, show methods employed in framing openings for 
windows. J 

The construction shown in fig. 1,884 should not be tolerated except for 
very small windows. Fig. 1,885 shows the usual construction, which is not 
much better as explained in fig. 1,886. A first class truss arrangement is 
shown in fig. 1,887 which should be used in balloon frames especially where 
there is no window directly above on second story. 


Usually windows are the same height as doors so that the measurement 


,2*%6 SPACED 
4 3 FT. APART 














2x4 JOISTS 


Fic. 1,894.—Partition running parallel and between joists showing bridges for plate, bracing, 
and nailing strip for laths. 


when obtained is right for many openings. Two inches on each side of a 
door is generally enough, that is, make the distance between studs 4 inches 
more than the door measurement; with the double studding cut in under 
the header, the outside studs should be set about 8 inches wider than the 
door. 


Some carpenters make a “story pole” or dimension stick made from 28 
or 1 X 3 stock with the heights of the openings from the rough floor or 
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from the joists where the rough floor is not laid, marked plainly thereon. 
This pole is placed alongside of the stud to be cut and the mark transcribed 
from pole to stud. 


In general, carpenters plan to have the studs on either side of an opening 
either window or door, so set that the outer edges of the exterior casings 
will break upon their centers as shown in figs. 1,889 and 1890. 


After the openings for the windows and doors are framed the structure 
may be sheathed, or the roof may be framed, both orders of proceeding 
with the work are common. 





Fics. 1,895 and 1,896.—Wrong and right way to bracea partition. When the brace is cut up 
into a number of pieces and fitted in between each stud, as in fig. 1,895, it is not nearly as 
effective in preventing the racking of the partition as when made in one piece and the stud scut 
in, asin fig. 1,896. 


2. Partitions 


The interior walls which divide the inside space of buildings 
into rooms, halls, etc., are known as partitions. These are made 
up of studding covered with lath and plaster, wall or compo 
board, metal lath and plaster and such like materials 
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Fic. 1,897.—Method of supporting a 
partition running between and paral- 
lel to floor beams. 


Fic. 1,898.—Method of 
fastening plate of par- 
tition running be- 
tween and parallel to 
beams, showing con- 
struction in detail. 
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Fig. 1,893 shows the studding of an ordinary partition, each 
joist being 16 inches (on centers) away from the next or 16 inches 
from the inside face of one to the outside or further face of that 
next. So they are spaced 8, 12, 16 and 24 inches apart on 
centers as each plasterer’s lath is 48 inches or 4 feet in length 
and the butt end joints of every lath will be placed in the middle 
of the face or edge of each stud or joist. 


FLOOR JOISTS 






HEADER 3x4 
i! 4 10' 
\ 


NM 

| 

BRIDGE BRACE NECESSARY \ 
WHEN HEADER BRACEIS } 
NOT NOTCHED | 


Fic. 1,899.—Opening in partition with braced header. Note that the braces are notched into 
header. This is important and prevents strain against stud in which case it could settle by 
shrinkage or possible pushing of stud unless prevented by a bridge brace as shown. 


Where partitions are placed between and parallel to floor beams bridges 
must be placed between the beams to provide a means of fastening the par- 
tition plate as shown in fig. 1,897. The figure also shows angle piece for nail- 
ing lath and bracing. 


Figs. 1,895 and 1,896 show wrong and right way to brace 
a partition. 

By putting in braces as in fig. 1,896 not only is their full 
strength obtained, but the frame of the partition can be 
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‘properly squared by measuring the diagonals and adjusting 
if necessary. 


The arrangement in fig. 1,897 may be regarded simply as 
bridging and acts to stiffen rather than brace the frame. 


Cross partitions in the center of the house should be braced 
in order to stiffen the side wall. When possible partitions 
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Fics. 1,900 to 1,902.—Trussed partition construction for sliding doors. 


should start upon a direct bearing from girder, or plate of 
partition below. 


It is rarely now that single floors are laid thus when there 


- 
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is an under or rough floor, the partitions are laid out upon 
it and a sill (shoe) 2 inches thick and the width of partition 
is laid securely nailed to the floor. 


When, however, there is a considerable load coming on the 
partition and its base is between and parallel to floor beams, 
there should be 2 x 6 bridges cut across between them to pre- 
vent sagging, as shown in fig. 1,898. 





LAP SPLICE 
CENTER SPLICE | 


ane | \ BRIDGING 


Dou iti i i joi hened, bearing. 

— le hall partitions showing how timbers (joists) may be lengt . 

siete a th peasetes method is best for all purposes, but when there is an under or rough 
first floor laid, butt end joints are just as good and are better for lathing. 
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The construction at the top is shown in fig. 1,897, which 
is a section of fig. 1,894. Where openings come in partitions 
over 30 inches between studs they must be trussed or braced. 
One method of doing this is shown in fig. 1,899. 
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CHAPTER 42 


Roof Framing 


As a preliminary to the study of this chapter the reader 
should review Chapter 4 in Vol. 1 on ‘How to Use the Steel 
Square.” This tool which is invaluable to the carpenter in 
roof framing has been explained at great length in Chapter 7, 
with numerous examples in rafter cutting. Hence a knowledge 
of how to use the square will be assumed in this chapter to avoid 
repetition otherwise it would preclude fully presenting other 
important matter necessary for a complete treatment of the 
subject. 


Types of Roof.—There are numerous forms of roof and an 
endless variety of shapes. The carpenter and student as well as 
the architect should be familiar with the names and features of 
the various forms. They are briefly. 


Shed or Lean to Roof.—This is the simplest form and is usually 
employed for small sheds, piazzas, out houses, etc. Jt has only a single 
slope and is not a thing of beauty; fig. 1,904. 


Saw tooth Roof.—This is a development of the shed or lean-to roof, 
being virtually a series of lean to roofs covering one building, asin fig. 1,905. 
It is used on factories principally because of the extra light which may be 
obtained through windows on the vertical sides thus formed. 


Gable or Pitch Roof.—This is a very common, simple and efficient 
form of roof and is used extensively on farms and small houses. It is o1 
triangular section, having two slopes, meeting at the center or ridge and 
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forming a gable, as in fig. 1,906. It is popular on account of the ease of 
construction and economy. 


Gambrel Roof.—This is a modification of the gable roof, each side 
having two slopes, as shown in fig. 1,907. 







ONE THIRD PITCH — 


GLASS FOR LIGHT 
AND VENTILATION 





DOUBLE 
SLOPE 





TRIANGULAR 


SECTION 
A 


FiGs. 1,904 to 1,907.—Various roofs, I: Fig. 1,90: 


4, shed or lean to; fig. 1,905, saw tooth; 
fig. 1,906, gable or pitch (sometimes called saddle); fig. 1,907 gambrel. 


Hip Roof.—It is formed of four straight sides all sloping toward the 
center of the building, terminating in a ridge, as in fig. 1,908, instead of a 
deck. 


Pyramid Roof. 





A modification of the hip roof in which the four straight 
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sides sloping toward the center terminate in a point as in fig. 1,909 instead 
of a ridge. 


Hip and Valley Roof.—This is a combination of a hip roof and an inter- 
secting gable roof covering a T or L shaped building, asin fig. 1,910, so called 
because hip and valley rafters are required in its construction. There are 
many modifications of this roof. Usually the intersection is at right angles, 
but need not be; either ridge may rise above the other and the pitches may 
be — hg “xe thus giving rise to an endless variety, as indicated 
in figs. 1,910. 





Fics. 1,908 and 1,909.—Various roofs, 2: fig. 1,908, hip; fig. 1,909, pyramid. 


Double Gable Roof.—This is a modification of a gable or a hip and 
valley roof, in which the extension has two gables forming at its end an 
M-shape section, as in fig. 1,914. 

Ogee Roof.—A pyramidal form of roof having steep sides sloping to the 
center, each side being ogee-shaped, that is, lying in a compound hollow 
and round curve, as in fig. 1,915. 

Mansard Roof.—The straight sides of this roof slope very steeply from 
each side of the building toward the center and the roof has a nearly flat 

_deck on top, as in fig. 1,916. It was introduced by the architect whose 
name it bears. 

French or Concave Mansard Roof.—This is a modification of the 
Mansard roof, its sides being concave instead of straight, as in fig. 1,917. 


Conical Roof or Spire.—A steep roof of circular section which tapers 
uniformly from a circular base to a central point. It is frequently used on 
towers of cottages as in fig. 1,918. 
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Dome.—A hemispherical form of roof as used chiefly on observatories, 
fig. 1,919. : 


Roof Construction.—The frame of any roof is made up of 


EITHER RIDGE 


MAY RISE ABOYE 
UNEQUAL THE OTHER =LESS THAN 90° 
PITCH, 





Fics. 1,910 to 1,913.—Various roofs, 3: hip and valley with Modifications; fig. 1,910, extension 
at right angles; fig. 1,911, extension at less than right angles; fig. 1,912, unequal pitch; 
fig. 1,913, unequal ridges. 


numerous rectangular timbers called rafters. These are in- 
clined upward in pairs, their lower ends resting on the plate, 
their upper ends being spiked together in cheap construction, or 
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OGEE 
CURVE 
(COMPOUND) 





NEARLY FLAT DECKS 





Fics. 1,914 to 1,917.—Various roofs, 4: fig. 1,914, double gable; fig. 1,915, ogee; fig. 1,916, 
Mansard; fig. 1,917, French. 
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Sees es = 8 le ee ees 


to a ridge board in a properly constructed roof 7 On large build- 
ings such. frame work is usually reinforced by interior supports 
to avoid using abnormally large timbers. 























Fics. 1,918 and 1,919.—Warious roofs, 5: Fig. 1,918 Conical or spire; fig. 1,919 dome. 


[+——TAIL——jg—__ - ——RAFTER————__»} 





Fic. 1,920.—Common rafter showing rafter proper and tail, sometimes called look out. 


Rafters.—These are the supports for the roof covering serv- 
ing in the same capacity as joists for the floor or studs for the 
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hs ig Rafter.—Any rafter which does not extend from the plate to the 
e. 

Hip ‘Jack Rafter.—A rafter extending from plate to hip rafter at an 
angle of 90° to the plate. 









UPPER 
RAFTER 





ee 





Fic. 1,929.—Construction of gambrelroof. The usual method is to frame the firstslope between 
main plate A, and secondary plate, B, the secondary slope extending from B, to ridge. 
At B, the rafters are notched to make the joint shown the structure being reinforced by cross 
pieces which serve as ceiling joists. The floor joists may be either as placed at M, resting on 
the cap, or at S, resting on aribband. When placed on the ribband the latter should not be 
located more than two or three feet below the plate. In either case the joists should be 
securely spiked to the rafters. A good proportion for the two slopes is obtained by locating 
the intersection of the two slopes in a circle R, whose diameter equals the span and with center 
in the plane of the main plate A. 


Fic. 1,930.—Construction of French roof. It is framed in much the same way asisagambrel 
roof. Rafters for the first slope (which is quite steep) are framed between the two plates 
A, and B. On plate B, rest the deck rafters which are very nearly horizontal. The curved 
form of the lower slope is obtained by piece C, which is nailed to the rafter, and to a hori- 
zontal member asshown. The verticalstudding D, completes a trusswork which gives stiff- 
ness to the sides being tied together by the ceiling joists. 
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Valley Jack Rafter.—A rafter extending from valley rafter to ridge at 
an angle of 90° to the ridge. 


Cripple Jack Rafter.—A rafter extending from valley rafter to hip 
rafter at an angle of 90° to the ridge. 


Octagon Rafter.—Any rather extending from an octagon-shaped plate 
to a central apex, or ridge pole. 









7). RIGHT 
il) WAY 


Fics. 1,931 and 1,932.—Wrong andright methodsofmeasuringlengthofrafter. Thelengthof 
acommon rafter. It is not the distance from the outer edge of the plate tothe apex (or top 
of ridge when there is one) but the hypothenuse of a right angle triangle whose sides are the 
run and rise as shown in dotted lines, fig. 1,933. After marking bottom cut, extend vertical 


side line to A; measure off AC, equal to the rafter length and in case there be a ridge board 
deduct half thickness of the ridge. 





A rafter usually consists of a main part or rafter proper and a short 
length which extends beyond the plate, called the tail. The rafter and its 
tail may be all in one piece, or the tail may be a separate piece nailed on to 


the rafter. The tail may or may not continue in a straight line with the 
rafter. 


Length of Rafter.—The length of a rafter may be found in 
several ways, as: 


Roof Framing 945 


1. By calculation. 
2. With steel square. 
a. Miulti-position method 


6. By scaling 
c. By aid of framing table 


Example.—What is the length of a common rafter having a run of 6 feet 
and rise of 4 inches per foot? 


1. By calculation 
With 6-foot run the total rise = 6 & 4 = 24 inches = 2 feet. 
AC -\AB*+ BC 
BC=4X6=24 INS=2 FT 
LENGTH OF RAFTER=\/RUN?+ RISE? 


“\l 62+ 22 
=\40 = 6.33 FT. 






RISE 4 INS. PER FT. RUN 


B 


Fic. 1,933.—Method of finding length of rafter by calculation. Practicalcarpenters would not 
consider it economy to take time to find rafter lengths in this way because it takes too much 
time and there is chance of errors. Itis to avoid both of these objections that the framing 
square (erroneously called stee! square) has been developed. 


Now since the edge of the rafter froms the hypothenuse of a right triangle 
whose other two sides are the run and rise, then length of rafter 


— Vrun? + rise? = V@ + 2 = 140 = 6.33 feet, as illustrated in fig. 966. 


2. With steel square 2 ; 
The so-called steel square reduces considerably the mental effort an 
chances of error in finding rafter lengths. The approved method of finding 
rafter lengths with the square is by aidofthe fter table which was put on 
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Figs. 1,937 and 1,941 show reading on rafter tables of two well-known 
makes of squares for length of rafter in preceding example, one giving length 
per foot run, and the other, the total length for the given run. 





LENGTH OF RAF- 

TER FOR 6FT. RUN 

=12.65x6- 6.35 FT 
2 






l 








100. DTHS. - 


Hii 
HR RRA LAB 





EE. reve 
0 A hnele 





Fic. 1,938 to 1,940.—Method of finding rafter length byscaling. Case 1. Given rise perft.in 
ins. Use two squares or a square and straight-edge scale, as shown. Place straight edge on 
square so as to read length of diagonal between rise of 4 ins. on tongue and 1 ft. or 12 ins. 
run on body asshown. The reading is a little over 12 ins. To find fraction, place dividers 
on 12 and point A, asin fig. 1,939, transfer to hundredths scale and read -65 as in fig. 1,940, 
making length of rafter 12.65 ins. per ft. run which for 6 ft. run = 12.65 X (6 + 12) = 
6.33 ft. Case 2. Total rise and run given in ft. Let each inch on tongue and body of square 
= 1ft. The straight edge should be divided into ins. and 12ths so that on a scale of 1 in. 
= 1 ft. each division will = lin. Read the diagonal length between the numbers represent- 
ing the run and rise (12 and 4), taking the whole number of ins. as ft., and the fractions as ins. 


Take off fraction with dividers and apply to 100th scale similarly as was done in case 1, figs. 
1,939 and 1,940, 


In estimating the total length of stock for a rafter having a tail, the run 
of tail or length of lookout must of course be considered. The pitches most 
generally used are 14, 14 and 14, these corresponding to rises of 12, 8, and 
6 inches per foot run respectively 
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Rafter Cuts.—-All rafters must be cut to the proper angle or 
bevel at the points where they are fastened and in the case of 
overhanging rafters also at the outer end. The various cuts 
are known as: 

1. Top or plumb. 

2. Bottom, or seat, or heel. 

3. Tail or look out. 

4. Side, or cheek. : 


TOTAL LENGTH 6FT.-3'%2 INS. RUN 
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Fic. 1,941.—Method of finding rafter length by aid of Sargent square framing table reading 


length of rafter per foot run. 


Common Rafter Cuts.—All the cuts for the various types of 
common rafters are made at right angles to the sides of the 


oh 
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rafter, that is, not beveled as in the case of jacks, and are 
comparatively simple. 

Figs. 1,942 to 1,945 show various common rafters from which 
the nature of these various cuts are seen. 






COMMON 
RAFTERS 










SINGLE BOTTOM 
OR SEAT CUT 


PLATE 








FULL TAIL 






% 
yy, TAIL OR LOOKOUT CUT 
Fics. 1,942 to 1,945.—Various common rafter: 


‘ : s illustrating types and na ; 
ing why one side of the square is set to 12. in laying out the cuts, ASS RRS 


Root Framing 951 





In laying out cuts for common rafters one side of the square 
is always placed on the edge of the stock at 12, as distinctly 


RAFTER 





Fics. 1,946 to 1,948.—Method of using the square in laying out lower endofrafter. Iflook out 
or tail cutis to be vertical, place square at end of stock with rise and run setting as shown 
(fig. 1,946) and scribe cutline LF. Lay off FS, equal to length of look out and move up square 
to S, with same setting scribing line MS. On this line lay off MR, length of vertical side of 
bottom cut. Now apply same setting to bottom edge of rafter so that edge of square cuts R, 
and scribe RN, which is the horizontal side line of the bottom cut. In making the bottom 
cut, the wood is cut out to the lines MR, and RN. The look out and bottom cuts are shown 
made in fig. 1,943, RN, being side which restson the plate, and RM, side which touches the 
outer side of the plate. 
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shown in fig. 1,942. This distance 12 corresponds for 1 ft. of the 
run; the other side of the square is set with the edge of the stock 
to the rise in inches per foot run. This is virtually a repetition 
of fig. 1,934, but it is very important to understand why one side 
of the square is set to 12 for common rafters—not simply to 
know that 12 must be used. On rafters having a full tail as in 
fig. 1,944, some carpenters allow cutting of the rafter tails to 
wait until the rafters are set in place so that they may be lined 
and cut while in position. Certain kinds of work permit the 
ends to be cut at the same time the remainder of the rafter is 
framed. 


On rafters having tails there are two sides of the bottom cut, one M, 
horizontal and the other S, vertical, as on a lifted flush type of rafter (fig. 
1,943), or a bird’s mouth form of bottom cut, fig. 1,944. The name bird’s 
mouth is given to the triangular section thus cut out. 


The method of handling the squzre in laying out the bottom and look out 
cuts is shown in figs. 1,946to 1,948. In laying out the top or plumb cut, 
if there be a ridge board, one-half of the thickness of the ridge must be 
deducted from rafter length. 


17 


Hip, and Valley Rafter Cuts.—The hip rafter lies in the plane 
of the common rafters, and forms the hypothenuse of a triangle of 
which one leg is the adjacent common rafter and the other leg, 
the portion of the plate intercepted between the feet of the hip 
and common rafters as in figs. 1,949 and 1,950. 
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The line of measurement for length of a hip and valley rafter 
is along the middle of the back or top edge, as on common and 
jack rafters. The rise is the same as that of a common rafter 
and the run of a hip rafter is the horizontal distance from the 
plumb line of its rise to the outside of the plate at the foot of 
the hip rafter. 







RISE PER {2 INS. RUN OF 
COMMON SAME AS. PER 
17 INS. RUN OF-HIP RAFTER 






out the cuts. Evidently if the run of the hip rafter be to the Tun of the common rafter, as 
17 is to 12, then the rise due to 12 ins. run of the common rafter would be the same as that 
due to 17 ins. run of the hip rafter, assuming the hip to be a ‘‘45° hip”. The square at L 
and F, show 12 and 17 ins, runs for equal rise of common and 45° hip rafters respectively. 


The run of a hip or valley rafter is to the run of the common 
rafter as 17 is to 12. Hence in applying the square for cuts of 
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; that is, when the line of 
run of the hip lies at 45° to the line of run of the common rafter 


as indicated in fig. 1,949 


. 
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the same way as 12 was used for common rafters, when the 


hip or valley rafters use the distance 17 on the body of the square 
plate distance between hip and common rafters is equal to half 


the span or run of the common rafter 


in 


957 


Roof Framing 


*sKapyea 10 sdiy Gp 07 Ajuo saydde UdAIS D194} POYZU EYL “PUTS OU} Suraq Zueye] oy, “GO6‘T *3Y Ut poure|dxe 
siarenbs Zurmesy ay] JO pre jNoyWA ‘ {Ve 39 VpIs Sururezgo Jo poyzew sy, “S39 [Ie Burmoys ayes Aajea Jo MatA— BSE‘ T “Oy 


*19]Je19Y} JO YIZus] 2]qQe} By} ©} poppe eq ysNul * qT JO ‘99 Zururof our] ay} Wor s}oafoid ‘D yey} VdUERSIP oY} ‘2 pue ‘q ye sozeld 
aij} 399S1I}UI 07 Aap[eA ay} JO Sadpa apis BY} Joy Japso 
uy *sajE[d ay} Jo sadpa apisqno 94} 79eS19zUT [ [IM JND wo} 
-}0q JO pua 4k Jaze JO Sapls ay} FEY} OS yyBug] a]qe} 0F 
pappp aq 4SNuI YoY *{7J UOIa1I09 pue “T yisue] aqe} 
Surmoys Jaye fazjva yo MaA apis pue Ue[— LS6‘T “Oly 





4oO LNO X00) 


END LVIS ¥9 WOLLO8 


HIDNAT dIeVL 
NOILDANYOD (+) 


ASTWA 30 
HLONS) F18VL 





q 


LN WISHD YO JGIS 


Roof Framing 


958 





*BIDSEJ DAIINOI OF S]9ABQ 1991109 BurA1Z ‘sazejd ayy Jo suo} 


~SONP OY} OF Joyesed ourerd ur ary ppl sooey Quinyd 947 3eY} Os S19qyes AaTPEA pu diy jo pua ye gyno aAHWIN— 196‘ T pue 096‘ “sory 


“s1aqjei Aay[ea JO diy 19Y}1a IOJ pasn st ast YM 
Lb 3un}e8 9}0N “fe Jo pua 3 4nd quinjd 3no Ag] 0} Ja1JeI JO [re} 07 arenbs JZurA|dde jo poyza— 6S6‘T ‘O1g 


on 
TG 
ee 
Sm 
1S. 
= 0°! 
Ba 2) 
et 5 
dz 
m 
wD 


Roof Framing 959 





The length of a hip rafter as given in the framing table on the square is 
the distance from the ridge board to outer edge of plate. In practice deduct 
from this length one-half thickness of ridge board and add for any projec- 
tion beyond the plate foreave. Fig. 1,952 shows correction for table length 
of hip rafter to allow for ridge and fig. 1,953 correction at the plate end 
which may or may not be made as in figs. 1,955 and 1,956. In making the 
bottom cut of a valley rafter it should be noted that a valley rafter differs 
from a hip in that correction distance for table length must be added instead 


aoe. / J re AL 
\ fy 
Y) Sg DD: t WS 
iD] Ca 
at 


DOTTED LINES 










INDICATE SHEATHING 


4 | 

A _—Flush hip and valley rafters in place on plate showing outward and inward 

ach awed These Pike are made so that the end faces of rafter will lie flush or in planes paral- 
lel to outer sides of plates. 


of subtracted as for hip rafter, that is, a distance MS, was subtracted from 
the table length of hip rafter in fig. 1,953 and an equal distance LF, was 

' added for valley rafter in fig. 1,957, the reason being fully explained under 
the figures. 


, ra, Fa ie il 
A further difference in hip and valley rafters is in the look out or tal 

cut. Usually the tail end of all rafters are cut plumb. Fig. 1 1959 shows appli- 

cation of the square set to 17 for obtaining plumb cut on tail of hip rafter. 
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Backing of Hip Rafters.—By definition the term backing is 
the bevel upon the top side of a hip rafter which allows the 
roofing boards to fit the top of the rafter without leaving a 
triangular hole between it and the back of the roof covering. 







END OF BOARD PUSHED 
ABOVE PLANE OF ROOF. 





Fics. 1,967 and 1,968.—Backing of hip rafter showing lifting of roof boards without backing’ 
Fig. 1,967, sectional view of the hip roof of building shown in fig. 1,968, LARF in fig. 1,968 
corresponding to LARF in fig. 1,967. Since the hip rafter is measured along a line in the 
center of the top side, the corners of the upper edges of the hip will projecta bove the plane 
of the common rafters. Thus, in fig. 1,967, the hip is shown backed for the three boards 
LAR, hence they lie in the same plane as over the common rafter, but board F, isshown with 
its end against an unbacked portion of the hip. It is accordingly raised up out of the plane 
of the boards LAR, board F, and the opposite one, leaving the triangular hole, as shown. 





*NOTE.—The author prefers the term “45°” hip or valley for a rafter whose line of run 
makes 45° with the ridge, rather than the ridiculous expression “square cornered building,” 
which means nothing. A building may be square cornered (walls meeting at 90°) and not even 
have any hip or valley rafters; again, it may be square cornered with the hip or valley rafters 
at any angle other than 45°. The top cut consisting of the plumb and side cuts should be made 
in one sawing rather than two; that is, the cut should be made by sawing along the lines F. A, 
and AB, rather than FA, and AD (fig. 1,966), thus avoiding extra and unnecessary labor. 
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The triangular hole is of no importance, but it is the fact that 
unless the top side be beveled, or the plumb height reduced 
proportionally the roof boards will be pushed up too high by the 
edges of the hip rafter as shown in figs. 1,967 and 1,968. 


RIDGE 
COMMON RAFTER 









WOOD TO BE 

CUT AWAY \\) 

(SOLID BLACK NAS 
SECTIONS) 0 


lt 


SECTION OF RAFTER 

Fics. 1,969 and 1,970.—Graphical method of finding leng 
rafters. Let AB, be span of building OD, and OC, plan of two unequal hips. Lay off the 
iven rise as shown then DE, and CF, are lengths of the two unequal hips. Take any point 

as G, on DE, and erect the perpendicular cutting DF, at H. Revolve GH, to J, that is, 
make HJ = GH, and through H, draw NO, perpendicular to OD. Join J, to N, and O, 
giving bevel angle NJO, which is the backing for rafter DE. Similarly bevel angle N J oO, 
is found for backing of rafter CF. Fig. 1,970 is section of M, showing in solid block the two 


triangular sections to be cut away. 


ths of rafters and backing of hip 


The graphical method of finding the backing of hip rafters is 
shown in fig. 1,969, and 1,970, and the square method in 


figs. 1,971 and 1,972. 
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The Jacks.—As outlined in the classification there are 
several kinds of jack rafters as distinguished by their relation 
with other rafters of the roof. These various jack rafters are 
known as: 

1. Hip jacks. 

2. Valley jacks. 

3. Cripple jacks. 

The distinction between these three kinds of jack rafters as 
shown in figs. 1,976 and 1,977, is as follows: Jack rafters which 


DEPTH OF 
BACKING EQUAL 
REDUCTION 


OF HEIGHT 
+L 
F AMOUNT TO SAW 


L (OFF oF BOTTOM CUT. 








.975.—Method of reducing plumb height of hip rafter to avoid backing. It gives 
dosed Sebdaiee te result, that is, the roof boards are not pushed out of their plane, and it 


saves time and labor. 


are framed between a hip rafter and the plate are hip jacks; those 
frames between the ridge and a valley rafter are valley jacks; those 
framed between hip and valley rafters are cripple jacks. 


‘ople is applied because the ends or “‘feet” of the rafter are 
Tee hac stb fete does not extend full length from ridge to plate. 
From this point of view a valley jack is sometimes erroneously called 
cripple; it is virtually a semi-cripple rafter but the distinction is more 
sharply drawn and confusion avoided by confining the term cripple to rafters 
framed between hip and valley rafters as above defined. 
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Length of Jack Rafters.—Since jack rafters are virtually 
“discontinued common rafters,” that is, they are cut off by the 
intersection of a hip or valley or both before reaching the full 
length from plate to ridge, their lengths are found in the same 
way as for common rafters, that is the number 12 is used on 
one side of the square and rise in ins. per foot run on the other 
side. This gives length of jack rafter per foot run and is true 
for all jacks, hip-, valley-, and cripple-jacks. 

1. The total length of a hip jack is equal to the hip tangent or 











TANGENT OF ANGLE CAB TANGENT OF ANGLE CAB 


. SIDE OPPOSITE 
SIDE ADJACENT 


. BC 
AB 


SIDE OPPOSITE 


A 


o 


Ae UNITY OR 1—————4 


SIDE ADJACENT 
Fics. 1,980 and 1,981.—Right angle triangles illustrating tangent and natural tangent. 


distance intercepted on the plate between the foot of the jack 
and foot of the hip multiplied by length of hip jack per foot run. 

Similarly: 

2. The length of a valley jack is equal to the valley tangent 
of distance intercepted on the ridge between the upper ends of 
the valley rafter and valley jack rafter multiplied by length of 
valley jack per foot run. 

3. The length of a cripple jack is equal to the cripple tangent 
or distance intercepted on the plate between the foot of the hip 
rafter and foot of the valley rafter multiplied by length of 
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Now if the side adjacent be taken as unity or one the denominator of 
the fraction disappears and the tangent in that case is equal to the side 
opposite as explained in fig. 1,981. This is the tangent as used in finding the 
length of jacks and is called the natural tangent. 


The triangle in fig. 1,981 is shown in figs. 1,982 and 1,983 in its relation 
to hip and valley rafters illustrating that the run of a hip jack or valley jack 
is respectively equal to the hip tangent or valley tangent. In fig. 1,982 this 
is apparent from the arc described through A and C, with B, asa center. 


The length of jacks as just obtained is taken along the top center lines 
and allowances must be made for the thickness of the hip, valley, or hip and 






(-) CORRECTION IN 
LENGTH OF CRIPPLE 
JACK AT EACH END 


CRIPPLE> 
TANGENT 


Fic. 1,984.—Hip and valley roof illustratin i i 
4 ( g the tangent as used in finding length of cripple 
ans and connection LandF, of length to allow for half thickness of hip and valley vated 
soe supple pent ame fe! since the hip and valley rafters are parallelCB, = 

; ntercept on the plate. Thus length of run of crippl i ; 
tangent or its intercept CB, on the plate. Rerh tile ta eed paella 


ee, respectively, for hip jacks, valley jacks or cripple jacks as the case 
may be. 


cae in fig. ee re jack the length must be reduced an amount 
- (measured at right angles to the pl 
SS eee g e plumb cut) to allow for the half 
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Fics. 1,985 and 1,986.—Intersection 
of hip jack and valley jack with hip 
and valley rafters respectively illus- 
trating the correction in length to 
centers which must be made to allow 
for thickness of hip and valley 
rafters. 


OF HIP JACK 
LENGTH 


HIP JACK LENGTH 
TO CENTERS 








\ 
———\ \ 


(-—) CORRECTION ) 
ly 


VALLEY JACK LE i 





VALLEY JACK LENGTH 


TO CENTERS | 
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Similarly in fig. 1,986 for a valley jack an amount LF (measured at right 
angles to plumb cut) must be removed at the lower end, and an amount 
MS, equal to half the thickness of the ridge (measured back from the top 
plumb cut). 


In the case of a cripple jack a similar correction must be made at each 
end to allow for the half thickness of hip and valley rafter as L and F 
respectively in fig. 1,984. 


In actual practice carpenters usually measure the length of 


hip or valley jack from the long point, along the arris, instead of 
along the center of the top, no reduction being made for 14 


LONG TANGENT= RUN OF HIP JACK M 












































SHORT TANGENT 
“RUN OF HIP JACK § 


HIP JACK § 















































RIDGE 
Fic. 1,987.—Hip roof end with unequal pitch illustrating long and short tangents. 


diagonal thickness of hip or valley. Cripples are measured 
from long point to long point, no reduction being made for 
thickness of hip or valley. 


Unequal Pitch; Long and Short Tangents.—In the preceding 
section only 45° hip and valley rafters were considered. 

As often happens hip and valley rafters may be at some other 
angle giving rise to unequal pitch, that is, the jacks on one side 
of such hip or valley will be of one pitch and those on the other 
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SHORTEST 
HIPJACK 


Fics. 1,988 to 1,992.—Length of jacks 
1. shortest jack method. Fig. 1,,988 
shows shortest jack in place, there 
being here three jacks, the third 
located at the apex of the hip, being 


PLATE 4 


virtually a common rafter. Now with a 45° hip the distance along the plate between centers of 
jacks is equal to the run as shown, and the rise for the shortest jack isequal to !/stotal rise. In 


LENGTH SHORTEST JACK IN INS: 


1 
gR 




















i ing ini i i d the 
. 1,989, take on one side of square spacing in ins. and on the other side "/s total rise an 
p Aeen joining these points will be length of shortest jack in ins. This length will be the 
common difference in lengths, thus, second jack is twice length of shortest jack and third jack, 
three lines length of shortest jack, as indicated in figs. 1,990 to 1,992 (L, 2L, 2L). 
o 
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side of another pitch. This gives rise to long tangent on one side 
and short tangent on the other side as clearly seen in fig. 
1,987. 

The illustration clearly shows that the tangent on the long side is the 


same length as the 7um on the short side. Also, the tangent on the short 
side equals the run on the long side. 


Length of All Jacks.—-As no two jacks are of the same length 
various methods of procedure are employed in framing, as: 

1. Beginning with shortest jack. 

2. Beginning with longest jack. 

3. Using framing table. 


Shortest jack method. 


Begin by finding length of the shortest jack. Take its 
spacing from the corner measured on the plates which in the 
case of a 45° hip is equal to the jacks run. The length of this 
first jack will be the common difference which must be added to 
each jack to get the length of the next longer jack. 


Longest jack method. 


Where the longest jack is a full length rafter, that is a com- 
mon rafter, first find the length of longest jack, then count the 
spaces between jacks and divide the length of longest jack by 
number of spaces. The quotient will be the common difference. 
Then frame the longest jack and make each jack shorter than 
the preceding jack by this common difference. 


Framing table method. 


On the various steel squares are tables giving the length of 
shortest jack rafters corresponding to the various spacings as 
16, 20, and 24 ins. between centers for the different pitches. 
This length is also the common difference and thus serves for 
obtaining the length of all the jacks. 
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Example.—Find length of shortest jack or common difference in length 
of jack rafters where the rise of roof is 10 inches per foot and jack rafters are 
spaced 16 inches between centers; also, when spaced 20 inches between 
centers. 


Fig. 1,993 shows reading of the jack table or the Eagle square, for 16 


LENGTH SHORTEST JACK IO IN. CENTER 
10 IN. RISE PER ET. 











a 2 
E Cut OF JACKS USE THE MARKS 








Fic. 1,993.—Framing tables of Eagle square showing reading for length of shortest jack or 
common difference for 16 in. spacing and 10 ins. rise perft. run. Instructions: Under figure 
10 which stands for rise per foot run, find in the third line of figures 20.83 which is length in 


ins. of shortest jack, 16 in. spacing. 


LENGTH SHORTESTUACK, {0 /N-RISE PERFT. RUN 





20 INCH " 
CENTERS of 


Fic. 1,994.—Jack table of Southington square for 20 in. spacing showing reading for length 
of shortest jack of common difference correspondingto 10in. rise. Instructions: In the com- 
bination of figures shown the numbers 3, 4, 6, 8, 10, 12, 15, 16, 18 meanrise in ins. per foot 
run. The numbers under each of these figures give the length of shortest jack corresponding 
to the rise and for 20 ins. spacing. Hence, under rise 10 find 26, which is length in ins. for 


shortest jack, 20 ins. spacing. 
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inch centers, and fig. 1,994, reading on the Southington square for 20 inch 
centers. 


Jack Rafter Cuts.—Jack rafters have top and bottcm cuts 
which are laid out the same as for common rafters, and also 
side cuts which are laid out the same as for a hiprafter. To lay 
off the top or plumb cut with square, take 12 on the tongue and 
rise in ins. (of common rafter) per ft. run on the blade and 
mark along the blade as in fig. 1,995. In the absence of a 


JACK SIDE CUT. 8IN.RISE PER FT. RUN 


SIDE : B 104012 
$1 12 eee 4012/1013 1217| OF HIP O 
15 1+ 164. 18 


" 4016'915 1018' RAFTER 



















Fic. 1,997.—Jack side cut table of Southington square showing reading for side cut of jack 
corresponding to 8 ins. rise per ft. run. 


square with framing tables the side cut may be laid out as in 
fig. 1,996. The following example illustrates the use of the 
framing square in finding the side cut. 


Example.—Find the side cut of a jack rafter framed to a 45° hip or valley 
for a rise of 8 inches per foot run. 


Fig. 1,997 shows reading on jack side cut table of the Southington square 
and fig. 1,998 method of placing square on timber to obtain the side cut. 
it should be noted that different makers of squares use different setting 
numbers, but the ratios are always the same. 
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Side Cuts, Any Polygon; Method of Tangents.—The tangent 
value is made use of in determining the side cuts of jack, hip, 
or valley rafters. By taking a circle of radius 12 ins. the value 
of the tangent can be obtained in terms of the constant of common 
rafler run. 

Considering rafters with zero pitch evidently in fig. 2,002 
if the common rafter be 12 ft. long, the tangent MS, of a 45° 
hip is the same length. Hence, placing the square on the hip 


"Y ee ae 





PLUMB CUT 


Fics. 1,998 and 1,999.—Method of placing Southington square on jack to lay off side cut for 
8 in. rise. Setting numbers 9 and 10 as shown in the portion of the table seen at the right. 


set to 12 on tongue and 12 on body will give the side cut at ridge 
when there is no pitch as at M, fig. 2,000. 


Placing square on jack with same setting numbers (12, 12) 
as at S (fig. 2,000) will give face cut for jack when framed to 
45° hip with zero pitch, that is when all the timbers lie in the 
same plane. 


For an octagon roof to find the tangent of octagon rafter 
requires some calculation, thus: 
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The angle between common and octagon rafters (zero pitch) 
is equal to 
14 of 360° + 8 = 2214 degrees 
From table of natura! tangents, 
; tangent 221%4° = .41421 


which is the length the tangent LF (fig. 2,003) would be if the 
length of common rafter were unity or 1 instead of 12. Hence 
since common rafter length is taken as 12, then 
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Fics. 2,002 and 2,003.—Zero 


pitch diagrams showing common, 45° hip, and octagon rafters 
with tangents. 


length tangent LF, = .41421 ~ 12 = 4.97 


which for ordinary purposes is taken as 5. 

Accordingly, when there is no pitch, placing square on jack 
set to 12 on tongue and 5 on body gives face cut of jack framed 
to octagon rafter as at L (fig. 2,001). 


Similarly placing square at end of jack with same setting as 
at F, gives the end cut of jack. 


Since in an octagon roof the octagon rafters are at 360 + 8 = 45° 


apart 
same angle as between common or jack and 45° 


hip (fig. 2,000) the setting 
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PLUMB CUT 























IDE CUT 8 IN.RISE 
AFTER SAWING 


Fics. 2,004 to 2,011.—Method of obtaining side cut for jack rafter framed to octagon; pitch 
8 in. per foot. A, plumb cut; B, plumb cut squared across top side of jack; C, side cut 
zero rise; D to E, side cut corrected for rise of 8 ins. per ft. run; H, appearance of jack 


after sawing. 
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numbers are 12.12. Hence placing square on octagon rafter set to 12 on 
tongue and 12 on body as at R, fig. 2,001 gives side cut. It will be noted 


M S SIDE 





CUT 

















Fics. 2,012 to 2,016.—Moving picture of side cut of jack of octagon frame for various pitches 
from zero to 1, showing angle of side cut becoming more acute as the pitch is increased. In 
the figures LR, is side cut for zero pitch, LR’ side cut for various pitches as indicated LF 
plumb cut. The two vertical lines, M and S, indicate distance measured back of plumb cut 


at right angles to plumb cut. The lettering is thesame as.in . 2,004 to2,011, wit! i 
they should be compared. oa ero oe 
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that the side cut extends only to center line of rafter there being a similar 
side cut on the other side, this being virtually a double side cut which is 
given to every other octagon rafter the alternates having only a plumb cut 
as shown. 


The side cuts as obtained in figs. 2,000 and 2,001 are for timbers lying flat 
in one plane, that is, when the pitch is zero. 


When rafters take on pitch or rise, the angles of the face cuts will change 
_ depending upon the pitch and the face cuts may be determined by the 
following method: 


Example.—Determine the side cut of a jack rafter framed to an octagon 
rafter, the jack having a rise of 8 inches per foot run. 


First mark off on side of timber the plumb cut using same method as for 
common rafter that is, placing square on timber set to 12, on body and 8 
(rise) on tongue and scribing plumb cut LF, as in fig. A. 


On upper side of rafter square across the plumb cut with line LA, fig. B. 


Now, first assume no pitch and find side cut for no pitch by placing square 
across top side of rafter set to 12 and 5 and scribe line LR, side cut for zero 
pitch (fig. 2,001 shows at L, why this gives side cut). 


Now since rafter has pitch a correction for cut LR, must be made, as 
follows: 


With dividers pick off distance AR, and near ends of line LF, scribe 
arcs L’,F’, as in fig. D; scribe line L’F’ through these arcs as in fig. E; 
then will L’F’, be parallel to LF, and distance between these two lines 
equal to AR. 


Square across top of rafter from point L’, scribing line L’R’ as in fig. F. 


Join R to L, then will R’L be side cut of jack framed to octagon rafter 
-yith rise of 8 inches per foot run of jack. 


Fig. 2,011 shows appearance of jack after being sawed for side cut. The 
variation of the side cut for various pitches as compared with the side cut 
for zero pitches is clearly seen in the moving picture exposition, figs. 2,012 


to 2,016. 
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Octagon Rafters.—On an octagon or eight-sided roof, the 
rafters joining the corners or octagon rafters as they are called 







RUN COMMON RAFTER 12 Ss 


RUN OF OCTA 
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Fic. 2,017.—Detail of octagon roof showing relation in length between common and octagon 
rafters. Taking the common rafter run as 12, then the tangent LF, as explained in the text 
is5. Evidently then therun of octagonrafter MS, = 1122+ 52 = 73, thatisrun of common 
rafter is to run of octagon rafter as 12is to13. Hence top and bottom cuts of octagon rafter 
can be laid of by taking 13 oa tongue and rise per ft. run on body as in fig. 2,026. 
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are a little longer than the common rafter and shorter than the 
hip or valley of a square building of the same span. 

The relation between the run of an octagon and a common 
rafter is shown in fig. 2,017, being as 13 isto 12. That is for 
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Fries. 2,018 and 2,019.—Diagrams cab that for equal rise, the run of octagon rafter is 13 
ins. to each 12 ins. of the common rafter. 


—~ 


each foot run of a common rafter, an octagon rafter would have 
a run of 13 ins. to rise to the same height. Hence to lay off the 
top or bottom cut of an octagon rafter, place square on timber 
with 13 tongue and the rise of the common rafter per foot run on 
the blade as shown graphically in figs. 2,018 and 2,019 and meth- 
od of laying out top and bottom cut with the 13-rise setting 
as in fig. 2,020. 

The length of an octagon rafter may be obtained by scaling 
the diagonal on the square for 13 on tongue and rise in ins. per 
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foot run of common rafter and multiplying by the number of 
feet run of common rafter. 

The principle involved in determining the amount of backing 
of octagon, or rafters of any other polygon, is the same as for 
hip rafters, the backing being determined by the tangent of the 


























Fic. 2,020.—Method of laying off bottom and top cuts of octagon rafter with the square using 
the 13—rise setting. LF, bottom cut; MS, top cut. 


= THICKNESS 
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Fics. 2,021 to 2,023.—Backing of hip of any polygon. Depth of cut on side of rafter is equal 
to tan) X 14 thickness of top of rafter. 


angle whose adjacent side is 1% the rafter thickness and whose 


angle is equivalent to one-half the central angle, as shown in figs. 
a t0023. 


Graphic Method of Laying Out Roof Cuts.—This method of 
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laying out rafters is sometimes used on complicated roofs to 
check up the angles found by the steel square but its principal 
use is in solving problems in roof construction which are pub- 
lished in the periodicals that circulate among carpenters. 


As an example, assume ABCD, fig. 2,026 to be plan of an irregular roof 
or one in which the side walls are not parallel to each other, but spread or 





Fics. 2,024 and 2,025.—Method of laying out backing on octagon rafter. Place square upon 
rafter as in fig. 2,025 with 5, 12, setting, the 5 being the octagon tangent for run of 12 of 


common rafter. Measure back intercept of tangent to center line or distance LF and trans- 
fer it to side of rafter as in fig. 2,024, giving backing as shown by the two little solid black 
triangular areas representing section of word to be removed. LF, measured on plumb line, 
also represents amount of drop in case of no backing. 


widen out from A, to B, and from C, to D, or BD, is longer than AC, and 
AB, is longer than CD; for this reason there will be two ridges, one parallel 
or equi-distant from each wall plate as EF, and EG, and what is called a 
“deck” will be formed on the top. Were this not done, all the common rafters 
would be of different lengths or the ridge, if they were supposedly sawn the 
same length would be out of level or slope downward from F, to E, so that 
in roofs of this kind it is always advisable and economical to employ two 
ridges because the deck will require only a slight pitch to drain off. 
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The seats of the needed hip rafters as AE, CE, BF, and DG, are found by 
bisecting each angle by the following method: In fig. 2,026, with the com- 
passes or a rod, mark two points at the same distance from the apex of the 
angle A, and from these points sweep two arcs till they intersect or join at 
K. Join A,and E, by a line which will be the seat of the hip from A, to E, 
in fig. 2,027. A similar process if followed will give the lines for the seats ef 
CE, DG, and BF. 


Now to find the lengths and bevels of the common rafters proceed as 
follows: As in fig. 2,026, for those intended to be set up from UE, to VF, on 





Fic. 2,026.—Graphical layout of irregular roof. 


the far side, and from EW, to GX, on the near side, set up the pitch or height 
GP, square out from G, to X, and join PX, which line will be the neat length 
of the required pattern rafter, the top bevel or down cut being as at P, and 
the bottom or plate bevel as at X. 


To obtain the length of hip rafters, square up from each point at the peaks 
as EH, and FI, on the further side, and make EH, and FI, each equal to 
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GP; AH, and BI, will be the lengths of the hip rafters which will rise over 
AE, and BP, and those which will be raised over the seats CE, and DG, are 
likewise formed by a similar method; also the bevels shaded in at the peaks 
and plates of each will be the top and bottom cuts of each, 


It will be noted that no two of the bevels are alike so that each separate 
rafter must be laid out for its own particular corner as there are four hips 


of different lengths and different bevels so they must be carefully laid out 
and framed. 


Regarding the jack rafters, these are shown on the right side, spaced out 
on the wall plate from X, to D, to fit against the hip GD, and their top and 





Fic. 2,027.—View of irregular roof shown in plan and laid out graphically in fig. 2,026. 


bottom bevels or plumb and horizontal cuts will be the same as at P, and 
that at R, will be the side bevel. Similarly with those from D, to M, the 
plumb cut will be the same as P, and the bevel will be that at O. 


In order to prove the layout of this roof, proceed to develop its planes or 
sloping sides by first drawing EUS, from E, at right angles to EF, or AB 
also draw FVT, parallel to EUS. Make AS, equal to AH, by taking A, as 
center with radius AH, and striking the arc HS, and through S, draw lt 

parallel to AB. Ifa center be taken at B, and an arc struck at ITN, it will be 
found that the arc will pass through T, or FV, produced at T. The surface 
ASTB, will cover the plan AEFB, on the pitch or roof slope EH. 
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Draw EJ, perpendicular to AC, and produce it toK. Describe curve 
HS, to K, and join AK, and KC. AKC will be the covering plane which 
will enclose AEC on the plan. 


For the plane of CEGD, draw EW, perpendicular to EG, and produce it to 
Q. With C, as center and CK, as radius, strike the arc KQ, draw QR, 
parallel to CD, and join CQ, which will be the center line of the hip rafter 
on this side. Draw GX, perpendicular to CD, and produce to R; join RD; 
CQRD, will be the plane which will cover over CEGD, on the pitch GP. 





Fic. 2,028.—Inexpensive cantilever type single stringer external brace truss construction. 
The truss is entirely spiked together. The braces being nailed to the outside of the core or 
lower chord and main rafter, these can be of hemlock but preferably of spruce. The struts 
(braces) must be of spruce or alike tough wood. It is suited fora grand stand or shed over- 


hanging a driveway. The size of purlins will be governed by the distance apart of the trusses 
and the weight of roof to be carried. 


Now draw GM, and FL, perpendicular to BD, and produce them to N, 
and O. With D, as center and DR, as radius describe the arc RO. With 
radius BT, describe the are TN, and join NO, and NB; BNOD, will cover 
the trapezoid plan BFGD, on the pitch GP. QRZ will be the covering of 
the deck being the same size or area as EFG. 


In fig. 2,027, a side view or elevation of this roof will be seen as it will look 
when framed, raised and boarded over and to prove its correctness a model 
may be made by laying out all the lines on cardboard and making a knife slit 
from A, to B, from B, to D, from D, to C, from C, to A, also from Q, to R, 
which on being folded up together will give the completed roof with lines 
showing all the rafters, jacks, cuts and bevels in their proper positions. 
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Method of Framing ‘‘Eyebrow’’ Window in Roof.—This 
style of window has become popular for many of the Queen 
Anne and colonial bungalows and cottages, so some idea of its 
construction should be known to all carpenters. 


In fig. 2,030, let AB, be length of window, say 6 feet long, draw the center 
plumb line DEC, and the two perpendicular end lines from A, and B, and 








Fics. 2,029 and 2,030.—Layout for eyebrow window framed in roof. 


square to the level sill line AB. Next trace the curved eyebrow outline 
ACB, which must, of course, be copied from the architects design, also the 
parallel lines denoting the projections of the window frame casings sash as 
shown in fig. 2,030. 

Next proceed to lay out the section by drawing the house rafter at its 
pitch as represented in fig. 2,029, and at the fixed distance up from the eaves 
or wall plate line draw in the 2 x 6 inch pitched window sill and measure up 
the height as indicated, namely 3 feet. 
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Assuming the short rafters of this window to be concave or of hollow curva- 
ture as seen, strike them out from one pattern at a radius of 8 feet and locate 
the intersection point C, in fig. 2,030, where the covering of the window roof 
meets that of the main house roof. Now divide the eyebrow curve into any 





Fic. 2,031.—View showing appearance of eyebrow window. This type of window is only 
employed by the architect where it will be in good proportion to that part of the roof and at 
the same time will give sufficient light or ventilation, where another style would not har- 
monize with the design. 


number of equal parts and transfer them over to fig. 2,029, and with the 4- 
foot center radius and patterns, draw the curves of all the rafters according 





Fic. 2,032.—Double stringer internal brace truss construction. 
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to the number desired right and left, that is if the roof is to be boarded hori- 
zontally, as 1, 2,3, 4, 5, 6, 7, 8, etc., which will be the curve and length of 
each and be set up in place as shown on the right side of fig. 2,030. 


Now transfer from fig. 2,029 to fig. 2,030, section to elevation, the points 
where the curved eyebrow window rafters die into the main roof, and up 
square from division points on curve, the intersection of these lines will 
give the curve CB, which will be the shape of the valley at the main roof. 


If desired the vertical curved rafters can be sheathed with one-half inch 
pine strips bent round in two thicknesses, well nailed to each rafter and 
breaking joint in each thickness. 






LATTICE PURLIN 
OR TRUSS 


HOWE TRUSS 


Fics. 2,033 and 2,034.—Trussed roof construction showing home truss and lattice truss purlin. 
On one side the lattice is spiked or nailed to the chords, first all the strips one way and then 
the others crossing on opposite angle. On the other side is nailed the vertical or upright pieces 
nailed at all crossings with right thickness. 


Another way by which this attic roof may be framed would be to use hori- 
zontal instead of vertical curved rafters, each following the outline of the 
front elevation cf the window and dying into the main roof as it curves 


upward. 
Regarding slating or shingling these roofs, of course the first projecting 


course must follow the curvature of the eyebrow and diminish shingle by 
shingle to the point C, at the apex or top, this will take time, patience and 


skill. 
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The eyebrow type of window while pleasing architecturally, is relatively 
more expensive by reason of the curves necessary to intersecting shingles with 
other roof shingles and continuing them in regular courses over its roof. 


To do this the depth of courses must be so uniformally graduated as to 
show the least possible variation, necessarially entailing more work selecting 
and shaping widths of shingles to suit the curves and prevent leaks. They 
are likewise more expensive to repair. 


Their development and use is the result of efforts to secure more graceful 
and pleasing sky lines in roofs where either light or ventilation is needed, or 
both so placing them as to best conserve the architectural intent, their pro- 
portion conforming to roof dimensions or area in which they must be placed. 
When for light only, a much lower sash may be used permiting their nestling 
closer to roof. 


NOTE.—All rafter lengths are measured down the middle of the top edges theoretically. 
On the square cornered roof, measurements of hip er valley rafters may be made from the long 
point without further reduction in length providing a 2” thick ridge is used. Jacks need no 
further reduction in length on a square cornered building provided the hips er valleys are of the 
same thickness, as the jacks and the measurements are made from the long points of the jacks. 
Otherwise suitable reductions must be made for rafter and ridge thickness. 
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CHAPTER 43 


Skylights 


In carpentry, a skylight is any window placed in the roof of 
a building, or ceiling of a room for the admission of light and 
usually also for ventilation. Skylights are very essential to 





Fics. 2,035 and 2,036.—Hinged skylight framed into roof and detail of hinge. The box is of 
wood and may be made any size that will permit a person passing through it, even small 
enough to erect it without necessity of cutting out beams or rafters set on 16 in. centers. 
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lighting and ventilating top floors, under roofs that have little 
light, and in factories for both light and ventilation where the 
roofs are flat and where there is not much side li¢ht. 
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Fic. 2,037.—Sectional view of large hinge skylight and control. 


Figs. 2,035 and 2,036 show a simple hinged skylight and 
detail of hinge. The skylight may be operated from below by 
the control device, there being adjustment eyes in the support 


ship as seen for securing the hinged sash at various degrees of 
opening. 
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Fig. 2,037 shows a larger hinged skylight, the section illus- 
trating clearly the framing. Often a skylight is placed at the 
top of a flight of stairs leading to the roof, the projecting 
structure having framed in it the skylight and a doorway as in 
figs. 2,038 to 2,044. 





Fic. 2,038.—View of entrance to roof, or projecting framework containing framed openings 
for skylight and doorway. 


Where fireproof construction is required, skylights are made 
of metal as shown in figs. 2,045 and 2,048. Side pivoted sash 
are shown in fig. 2,045, a type desirable for engine and boiler 
rooms where much steam is generated and much heat radiated 
and where some storm coming through them would do little 
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harm if thoughtlessly left open, and in any case where much 
heat, gases or vitiated air is to ke taken out. The sash may be 
operated separately by pulleys, or all on one adjuster. The 
ends may be stationery. 










DOORWAY 
|| TO ROOF 









Fics. 2,0°9 and 2,040.—Elevation and plan of f; i i 
Hides: ones pl ramework for roof entrance with skylight 
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ies skylight shown in fig. 2,048 has ventilators built into the 
ridge. 


These ventilators are water tight, and are always open unless a damper 





SASH RAIL. 


SECTION-DETAILS. 
SKYLIGHT 5AS 


Fics. 2,041 to 2,044.—Skylight details for skylight of roof entrance shown in figs. 2,038 to 
2,040 with dimensions. 


be installed for reducing or stopping draught. They are made with and 
without damper. The all metal skylights are made to any size and shape 
required, but it is always best in roof designing to plan for standard sizes. 
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For skylights wire glass should be used so that if broken it will not fall 
and possibly injure someone below. Wire glass is cast with wire netting 
running through its center and is manufactured in many styles and sizes. 
Where light is to be furnished through doors the top half may be glazed and 
skylight omitted. Figs. 2,046 and 2,047 show two forms of wire glass. 
The approved method of fastening the glass is by retaining bars which are 
used instead of putty as in fig. 2,049. 

















Fic. 2,045.—Metal fireproof ventilating skylight with pivoted sash. A type desirable where 
considerable lighting and ventilation are desirable. 
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Fics. 2,046 and 2,047.—Forms of wire glass. Fig. 2,046 polished wire gl i 
: 104" é wa, ad § 5 
thick); fig. 2,047, ribbed or corrugated wire glass (14, 36, 34 and 3% in. pore onlin 
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For flat roofs a reinforced slab skylight is sometimes used as 
in fig. 2,056. The figure shows an iron web (grid of steel) or 
core placed in position, the glass prisms placed and finally the 
cementing done which is seen finished flush with the glass. 





Fic. 2,049.—Sectional view of skylight glass retaining bar. A metal clamp securely attaches 
the bar to the I beam purlins. 


Skylights 
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1,004 Skylights 


These slabs are very strong, and when the spans do not exceed 12 feet, 
may be walked upon with safety. Sometimes an entire roof of factory is 
thus covered and lighted. 


Figs. 2,051 to 2,055 show details of skylight construction in saw-tooth 
roof. Unless for some important reason, it is best to put the glass in sta- 
tionary and ventilate with approved ventilators as indicated. If skylight 
sash be movable, it is important to have the ventilators for the purpose 
they serve in stormy weather when the sash cannot be opened. However a 















































Fic. 2,056.—Reinforced slab skylight. The glass prisms are secured in the iron web by cement. 
A the glass, B reinforced iron or rod, C iron beam, D cement or concrete. 


less number may suffice. The grooved center strip of mullion B, is securely 
nailed fast and painted. The sash are rabbeted sc that any water, not 
carried off in groove 1, will accumulate in its groove, and any finding its way 
under sash will be carried off in groove 2. 


When it is desired to carry off the water from the valleys on the outside 
of building a way is suggested by a copper hopper spout that receives the 
water through the breast work. With sucha hopper there is no trouble by 
freezing. The roof covering is turned down outside of wall so as to fall over 
the inside edge of hopper. When not done this way the conductors (leaders) 
may be placed on the inside of building, thus saving the brasure or opening 
in cheek. This is a very practical way if there be heat enough inside to 
prevent spout freezing. 


When the bulkhead—the space from the roof or top of girder to plate—is 
deep enough it should be so trussed as to greatly relieve the stress on the 
girder. 
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CHAPTER 44 
Porches | 


The terms porch, piazza and veranda are usually doh 
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porch without a cover, however the objectionable practice of 
using the term stoop for porch is inexcusable. 
Since a stoop represents the simplest kind of entrance construction it 
may be properly considered here before treating of porches. 


HIP RAFTER STUDS 
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Fic. 2,063.—Hip roof frame for porch. The rafters and ceiling joists may come almost flush 
with plate as here illustrated, when necessary to get sufficient pitch, or may project beyond 
the plate as indicated by dotted lines at R. Where cramped for vertical space, more pitch 
can be obtained with the a!most flush construction as must be evident. 


Fics. 2,060 to 2,062.—Continued. 


At S, in order to keep the plate at the same elevation as at M, a block or short length of 
ceiling joist L, is inserted as shown forming a lift or distance piece—it is virtually a crippled 
or interrupted ceiling joist being cut from the same stock as the other ceiling joists. Some- 
times this is continued across to the stud the same as the other joists as indicated by the 
dotted lines F, but with a plate of adequate cross section is evidently a waste of lumber. 
The temporary supporc R, saves the ornamental columns from injury during construction. 
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Fig. 2,057 shows framework of stoop. The pitch from doorway toward 
steps should be sufficient to allow water to run off easily. Various values for 
pitch are given ranging from 1 in. in 10 ft. to 1 in. in 5 ft. 


The joists are framed parallel with the sill. This brings the floor boards 
parallel to the direction of the pitch so that any water lying in the joints 
between boards will drain off. Ventilation is important in the prevention 
of decay, hence it is desirable where possible to use open construction such 
as lattice work on the sides permitting free circulation of air. In this con- 
nection the water table is not nailed directly against the stoop frame but is 
furred out about }4 in. to allow any dampness to escape. 


A simple porch frame with pitch roof is shown in figs. 2,060 
to 2,062. 
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Fics. 2,065 to 2,067.—Floor frame for circular porch. Fig, 2,065, plan; fig. 2,066, sectional 
view through AB; fig. 2,067, elevation. 


In general the height of a porch ceiling should not be less than 
8 ft. to avoid exclusion of too much light. The pitch will usually 
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decide the height and it should not be made less than 5 ins. per 
ft. run. If sufficient ceiling height cannot be obtained with this 
pitch a less pitch may be given if a metal roof be used. Instead 
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A 068 and 4 9.—Oc r e ir . Fig. 2,068, general view; 
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Fics. 2,070 to 2,072.—Conical roof frame for circular porch. Fig. 2,070, general view; fig. 
2,071, plan, shows segmental base without rafters; fig. 2,072, sectional view showing built up 
construction at MS. 
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of the plain (common rafter) roof, the porch may be covered 
with a hip roof as in fig. 2,063, or valley roof, as in fig. 2,064. 

The framework for a circular porch is shown in figs. 2,065 to 
2,067. In the floor frame, figs. 2,065 and 2,066, there are two 
sets of segments, one flush with the top edge, and the other with 
the bottom edge of the joists. Numerous blocks as R,R well 
nailed flush between the segments makes a good form for the 
soffits. The roof framework, figs. 2,073 to 2,075, is built up to 
secure greater depth and provide for tail rafters which carry the 
gutter. 





> <= : a 
ELEVATION.ON LINEMS ELEVATION ON LINE LF 


Fics. 2,073 to 2,075.—Flat roof frame for circular porch. Fig. 2,073, plan; figs. 2,074 and 
2,075, detail elevation sectional views showing built up construction at MS and LF. 
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Points on Porches.—In the design and construction of 
porches it will be well to follow the suggestions here given: 

Floor joists of a porch should run parallel with the side of 
the house. 

Allow sufficient pitch to secure proper drainage. 

Porch floor boards should not be over 4 ins. wide and must 
be laid open about 11% in. to assist’ in ventilation under the 
porch. 

Leave porch open underneath or use open lattice work to 
secure proper ventilation. 

To prevent snow driving under the door make porch one 
step lower than the floor of the house. 

The height of porch cei.ing should not be less than 8 ft. 

Metal roofing should be used where the pitch is less than 
DNS sina its 
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CHAPTER 45 


Scaffolding and Staging 


By definitions, a scaffold or scaffolding is a platform built 
against the side of a building, steeple, or the like for the support of 
workmen, and staging is an elevated platform built against the 
side of a building for the same purpose. 


That is, a scaffold is a one story structure serving to support 
workmen on a low building, whereas, staging is a more sub- 
stantial structure progressively built up as the erection of tall 
buildings proceed, the name staging being applied because it is 
built up in ‘“‘stages” or one story at a time. 


It is impossible for a man to do satisfactory work at a height greater than 
about five feet above the place whereon he stands, therefore some arrange- 
ment must be made whereby he can always stand in the same relation to a 
structure, asit rises above the ground. To thisend, scaffolding, or staging, 
must be erected. 


These structures of a more or less temporary character provide an ele- 
vated support or floor where work can be carried on and storage room for 
such materials and tools as are immediately required. Many accidents 
occur annually through faulty or incomplete scaffolding that should be more 
securely guarded against. Accordingly the design and construction of 
these structures should be done by experienced men and no attempt should 
be made to economize by the use of inferior lumber and by inadequate 


nailing. 
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gs and consisting of uprights, out- 


forming the platforms. 


Fic. 2,076.—Simple scaffold built on side of wooden buildin 


riggers, cleats, and planks or scaffold boards, 
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It is important that the lumber should be selected for straight grain and 
freedom from shakes or knots. 


Green lumber should not be used because of inferior strength and hidden 
defects. 


BUILDING 


PLANK END 
NOT PROPERLY 
ON SUPPORT 





d. Inno case should the end 

>. 2.077 and 2,078.—Trap formed by unsupported scaffold boar: 4 

dpe: “4 pate board be unsupported for tt may tip up when stepped upon, and cause a sertous ac 
cident. L, shows man stepping on board, and F, result. 


1. Scaffolding 


There is a great variety of scaffolds to meet the varied 
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supported) scaffold suitable for interior work on high 













































































Fic. 2,079.—Detail of framed portable ( 


ceilings, etc. 
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conditions encountered in building and in general with respect 
to the method of support, they may be classed as: 
1. Supported. 
2. Cantilever. 
3. Bracket. 
4. Suspended or hanging. 


Supported Scaffolds.—A simple form of supported scaffold is 
shown in fig. 2,076, as used in the erection of wooden buildings. 
The scaffold as seen consists of uprights, outriggers, cleats and 
planks forming a platform. The various parts are fastened 
together, as shown. 


Fig. 2,076 shows a typical two platform scaffold. Cleats are only used 
when there is no opening admitting cf nailing outrigger to studding. These 
cleats are gained out and so placed as to come over a stud for sound nailing. 
The outrigger nailed into this notch. The uprights should be no less than 
2 x 4” and the brackets and cleats 1 x 6” or 8". Always cross brace with 
1 X 2” or like stripping, from the house to the uprights to prevent possible 
lateral movement. Good judgment will show that these need only be occa- 
sional. 

The distance apart of supports is decided by the thickness or strength of 
planks that are to be used. A good mechanic, alert to efficient methods, 
willalways haveregular 114” x 10 or 12” spruce planks with ends protected 
by metal strips, exclusively for scaffolding. For these the distance apart 
can safely be, for all ordinary working purposes 8 to 10 feet. Ordinarily, 
however, the stock on the job that can be used for this purpose is 4%” 
boards and should be doubled on brackets set about 6 feet apart. 


Where there are more than two platform levels requiring more 
substantial construction, and each upright consisting of more 
than one length, the structure becomes a staging as distinguished 


rom a scaffold. 


Framed Portable Supported Scaffolds.—Frequently as in the 
repair or decoration of ceilings in churches and other public 
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buildings a self-contained portable scaffold which may be easily 
moved is required. A form of such construction consisting of 
four uprights, cross and diagonal braces is shown in fig. 2,079. 
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Fic. 2,080.—Chimney scaffold. As shown the scaffold is designed to straddle the roof ridge 
but may be made to fit one side by extending braces up to fasten over the ridge, or a cleat 
along the lower side. Its sections may be made on the ground and joined on the roof, working 
from ladders. It is obvious that it may be made any height. 


Scaffolding and Staging 1,021 


This frame structure may be adapted to outside work by some- 
what heavier construction. 


Cantilever Scaffolds.—In this type of scaffold the platform 
is supported by beams which project through openings in the 
wall frame, resting on window sills or other horizontal mem- 





PLATFORM 





























Fic. 2,081.—Cantilever scaffold supported on sill and with beam ends fastened to joists. 
A, iron strap method; DB, saddle method. The iron strap is adjustable for length by the 
bolt C, which may engage in any of several holes drilled in the strap E. 


bers, with the inner ends secured as shown in fig. 2,081. These 
ends may be secured by hook irons as at A, passing around one 
joist, or by a vertical wooden piece D, attached to the beam 
and to a saddle B, engaging with two joists as shown. 


Bracket Scaffolds.—This is a cheap and convenient form of 
scaffold which requires little lumber and it is semi-portable, that 
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Fics. 2,082 and 2,083.—Bracket scaffold. In construction, the horizontal and vertical 
members of the brackets are made of 2 X 4 scantling with 1 X 6 struts. Each bracket re- 
quires two 2 X 4 pieces 4 ft. long, two 1 X 6 pieces 3 ft. long, and two l X6 Pieces 514 ft. 
long. These are assembled as shown in the figure. In addition there must be provided for 
each bracket two hook bolts for attaching the bracket to the side of the b uileing. The local 
blacksmith can easily fashion these hook bolts. The hook bolts are so arranged that they may 
be clamped to the studding, thus giving a very large measure of security. If due care be 
“aken to have these huok bolts of ample length they may be accommodated to either 4 in 
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is, it can be moved from one position to another by removing 
the bolts which fasten it to the wall frame. 


As shown in fig. 2,082, the bracket has two studs running between the 
horizontal and vertical members, with two hook bolts arranged to pass 
around a stud and through the sheathing. Another form of bracket scaffold, 
designed to be supported on window sills, or horizontal members of the wall 
frame is shown in fig. 2,084. 


= = fait SS 











_—Window form of bracket scaffold. As shown, the platform beam is supported 
gn ee sill and the strut whose lower end presses against the sheathing. 





,083.—Text continued. hae 
= Jee ating They may safely be made of rod iron }4 in. in diameter. In placing, 
the bracket holes are bored through the sheeting at proper places to receive the bolt guards. 
The hook end of the latter are made to grip the studding tightly while the other end is passed 
through holes in the vertical piece of the bracket. When the nut is tightened the scaffold is 
drawn tightly to the walls of the building. It is then in the proper position to receive its 
load. A large washer should be provided with each bolt to prevent the nut digging ip the 
wood. Fig. 2,083 shows detail of the hook bolt which fits around the stud. ' 
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Suspended or Hanging Scaffolds.—This form of scaffold is 
generally employed by painters and in erecting for cornice work. 
The simplest is the ladder scaffold consisting of planks laid on 
the rungs of a ladder forming a platform suspended by two 
double iron hooks fastened to block and fall rigging as shown in 
fig. 2,085. 


























Fic. 2,085.—Ladder form of suspended or hanging scaffold, 


Fic. 2,086.—Suspended seat with block and fall; a convenient one man rig for small repairs or 
for painting. 


2. Staging 


In tall buildings, it is evident that some type of construc- 
tion heavier and _ stronger than ordinary scaffolding must be 
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employed; a construction permitting vertical additions as the 
building rises story by story. Such a construction is known asa 
staging, as distinguished from a scaffold, presumably because it 





END VIEW SIDE VIEW 


d 2,088.—Portable scaffold for sheathing, siding, and painting frame buildings. 
eee rt aril view; fig. 2,088, side view A, B, struts; C, platform beam; D, end piece; 


1 to 9, steps. 
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is erected in successive stages as the construction of the building 
progresses. 









es et 


Fic. 2,090.—Guyed ladder rig 
for raising a flue extension, a 
convenient method on a steep 
roof. Therigis placed thus: 
Put the lower end of a ladder 
on the roof behind the flue on 
the high side, having a board 
beneath the feet of the ladder 
if necessary to keep the lad- 
der from making a hole in the 
valley or chimney flashing. 
Tie the ladder securely to the 
chimney witha rope. Fasten 
a pulley to the top of the 
ladder as shown in the illus- 
tration and run a rope 
through the pulley, tying one 
end to the flue t-p, a little 
avove the ce..ter of balance. 

Now connect four guy ropes to the top of the end of ladder and secure these ropes so as to 

make the ladder rigid and safe and to take the strain off of t echimney. Then the flue top 

can be pulled up from the ground and a mancan go up the la- ler and set itin place. Then 
he can fasten the guy wires attached to the chimney top so that their lowere end can be 
secured at convenient places. The ladder may then be remov d and the job is done. Care 
should be taken to make the flue top large enough toslipontot ¢ brick chimney without any 
difficulty as it will not be an easy matter to adjust it or work w.th it from the ladder at such 


a height. 


A typical staging is shown in fig. 2,091. Aside from its use in the con- 
struction of tall buildings, staging is also largely employed in bridge and 
viaduct construction. In such cases the staging is generally about the height 
of the springing of the arch and is used to support the center, or as a plat- 
form to connect the different sections of girders, etc. 
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Frc. 2,091.—Staging. This is 
virtually a multi level heavy 
duty form of scaffold. In 
construction, a beam of 
timber is placed across the 

head of each upright piece, projecting about 

9 or 10 ft. outward or at right angles to the 

direction of the runners on which it rests. 

The piece is called a footing piece and serves 

the same purpose as the “foot block” in a 

one story gauntry, except that it is sup- 

ported bya strut L. Such struts are usually in 
two pieces in order that astrut F, may pass between them. The uprights of the upper tiers 

should always be placed over those of the lower to prevent cross strain inlthe horizontal members . 

Diagonal bracing is frequently employed in the upper tiers asshown. In erecting, a firm foot- 

ing should be provided for the lower uprightsand struts FandG, by suitable blocks as R, M,S. 
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Hoisting Apparatus 


The term hoist is defined as a machine for raising or lowering 
heavy or bulky articles. In the construction of buildings some 
form of hoist is almost always necessary, as for instance in plac- 
ing heavy girders, sections of wall frames, roof trusses, etc. In 
any hoist means must be provided for attaching the load; an 
elevated purchase or support for the lifting rigging, and proper 
reduction gearing between the load and point at which.-the 
power is applied, depending upon the intensity of the applied 
force. The various forms of hoist used by builders may be classi- 


fied: 
1. With respect to the lifting medium, as: 


a. Rope 
b. Chain 


2. With respect to the form of gearing, as: 
Pulley (block and fall) 


a. 
b. Differential 

c. Spur gear and drum 
d. Spur gear and spool 


3. With respect to the supporting structure, as: 


a. Gin pole 
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b. Tripod or shear legs; ¢. Stiff leg mast; d. Derrick, etc. 
4, With respect to the drive, as: 





Fic. 2,092 and 2,093.—End view of three and four strand ropes of the same size, a circle having 
been drawn about each in order that their solidness may be compared. The black center 
section in fig. 2,093 is acore. 





Fics. 2,094 to 2,097.—Bowline knot. J. Overhand method. With the right hand lay the 
end of the rope over the long rope, and with the left hand grasp the long rope below the cross- 
ing, as in fig. 2,094. Hold the right hand stationary, and with the left hand bring the long 
rope up and over to form a loop about the end, as indicated by the arrow in fig. 2,094 and as 
shown in fig. 2,095. With the right hand draw the end up through the loop and pass it 
around behind the long rope from right to left, as indicated by the arrow in fig. 2,095 and 
as shown in fig. 2,096. Pass the end forward and down into the loop again from above as 
indicated by the arrow in fig. 2,096 and as shown in fig. 2,097. Note that this knot consists 
of a loop with a bight up through it, the bight going around behind the long rope. The bow- 
line knot is the best knot known for forming a loop that will not slip under strain and that may 
be easily untied. The overhand method is used when standing opposite the end of a slack 
rope and making a loop that is not fastened to any object. 
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a. Hand 

b. Steam 

c. Electric 
etc. 


1. The Lifting Medium 


Ropes.—Hemp, cotton, or wire is used in the manufacture of 
ropes. *Hemp is stronger and more durable than cotton and is 
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Fics. 2,098 to 2,100.—Bowline on a bight. To make a loop with a bowline knot in the middle 
of a long rope, or to get a loop of double rope at the end of a rope, a bowling knot is tied 
by the overhand method, using a bight of the rope instead of a single rope. The steps 
indicated in fig. 2,098 are the same as those described for fig. 2,094. After arriving at the 
position shown in fig. 2,099, however, the knot is made differently. Instead of bight A, 
being passed around behind the long ropes, it is pulled up through the small loop and then 
brought downward, as indicated by the arrow in fig. 2,099, and the whole of the large loop 
B, is passed through the bight A. The bight is then brought back to its starting point 
and loop B, is pulled out again, which brings bight A, down into place and produces the 
finished knot as shown in fig. 2,100. 





NOTE.—Of late years the supply of true hemp has been insufficient to meet the demand, 
and a substitute has been found in the outer fibre of the leaves of the banana plant grown in 
the Philippine Islands. The prepared fibre is exported from the city of Manila under the 
name of ‘Manila hemp,” the rope made from it being known as manila rope. 











: 


Fics. 2,101: to 2,103.—Bowline knot. IJ. Underhand method. Pass the rope through the 
eye or around the object from left to right, holding the long rope in the left hand. Take’ 
a half hitch around the long rope, starting it by passing the end across over the long rope 
(see fig. 2,101). Now transfer the loop from the short rope to the long rope. This is done 
by giving slack with the left hand, and pulling up with the right, as indicated by arrows in 
fig. 2,101. With the loop transferred to the long rope and the end passing through it, asin 
fig. 2,102, it is necessary only to bring the end from left to right under the long rope, as 
indicated by the arrow in fig. 2,102, and back into the loop from below, as shown in fig. 
2,103. The knot is now ready to be tightened up, when it will be finished. The underhand 
method is used when standing alongside the rope and making a loop around some object or 
through an eye. 





Fic. 2,104.—Running bowline. This is simply a slip knot wherein the loop through Bich 
the rope slips is formed by using the bowline knot, as already described. 








Fics. 2,105 to 2,108.—Slip knot. It may be made by starting either with the position shown 
in fig. 2,105 or with that in fig. 2,107, whichever be easier for the person tying the loop. 
When beginning with fig. 2,105, grasp the end of the rope in the left hand and, bringing the 
right hand upward, pick up a bight of the rope on the wrist as shown. Bend the right wrist 
so that the palm of the hand is upward and the little finger touches the short end of’ the 
rope. Then rotate the wrist as shown by the upper arrow. This will cross the sides of 
the bight and form a loop around the wrist, and at the same time will bring the main rope 
in between the thumb and the first finger as shown in fig. 2,106 and as indicated by the 
lower arrow in fig. 2,105. Grasp the main rope and draw a bight up through the loop, as 
shown in figs. 2,107 and 2,018. In starting with the position shown in fig. 2,107, the end 
is held in the left hand and the loop formed by twirling the rope to the right between the 
thumb and the fingers of the right hand Either method is easy, provided the end is held 
in the left hand at the beginning. 


i 





fics. 2,109 and 2,110.—Figure eight knot. This is used for making a knob on the end of a 
rope or for keeping the strands from untwisting. It may be easily untied. Form a bight 
near the end of the rope, give the short end one complete turn about the long rope, and past 
it up into the bight (fig. 2,109). Pull up tightly, so that the end is square across the rope. 
By putting in a short stick, or shackle, as shown in fig. 2,110, the knot may be very easily 
untied. 


Fics. 2,111 and 2,112.—Stevedore’s knot. This knot is used for making an extra large knob 
on the end of a rope. It is tied the same as a figure-eight knot, except that two turns are 
taken around the rope instead of one, and it may be made either without or with a shackle 


as in fig. 2,111 and in fig. 2,112. 
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used for light duty hoisting as with block and tackle, wire rope 
being used for heavy duty hoisting. 
Rope is manufactured three or four strand as shown in figs. 
2,092 and 2,093. 
In the three strand rope, the strands are larger than in the four strand 
rope, the four strand being stronger and more pliable, has a nearer even sur- 
face, weighs more per foot, and being constructed on a core, the strands are 


kept away from the center, thus reducing chafing as the rope is bent around 
a pulley. 





Fic. 2,113.—Half-hitch. This is a temporary and not very secure fastening. In the figure the 
half-hitch: is shown taken around the main rope and, as shown, it consists merely of a loop 
around the rope with the free end pinched between the rope and the object to which it is 
attached. 


Fic. 2,114.—Timber-hitch. This is a secure temporary fastening very easily undone, which is 
used to a considerable extent by carpenters for raising timbers. To make, pass the rope 
around the timber, take a half-hitch around the rope, and then pass the free end once more 
between the rope and the timber, as shown. 


Fics. 2,115 and 2,116.—Two half-hitches. Fig. 2,115, wrong way; fig. 2,116, right way. This 
is a good fastening and is secure provided it is well pulled down and set before being sub- 
jected to aload. If tied according to fig. 2,116, the hitches are easily loosened, but if made 
as shown in fig. 2,115, they will jam tightly. 


The extra cost of the four strand rope is justified if the rope be properly 
cared for. When a weight is hung upon the end of a rope the tendency is 
for the rope to untwist and become longer. 


In making a rope it is impossible to make these strains exactly balance 
each other. It is this fact that makes it necessary to take out the “‘turns’’ 
in a new rope, that is, untwist it when it is at work. The amount of twist 
that should be put in the yarns has been ascertained approximately by 
experience. 
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In the following table the figures refer to average grade 
Manila rope, new and without knots. 

Wire rope, if made flexible, that is, with a hemp core to each 
strand and a central hemp core to the rope itself as well ropes 
will stand a strain in Ibs. approximately equal to the square of 
the circumference in inches multiplied by 600. 

Thus, a wire rope termed “three-quarters,” that is, with a 
liameter of about 34 inch and a circumference of 214 inches, 


Properties of Three Strand Manila Rope 














I II ItI IV V VI 
Weight : . ; 

: ircum- of 100 each Safe Breaking | Diameter 
Diameter yon feet of pound of load load R of pull 
Goches) (Inches) sope rope (Pounds) | (Pounds) (Inches 

(Pounds) | Ft. Ins. 
3/16 9/16 2 50 ° 35 230 
1/4 3/4 3 330 4 55 — 
5/16 1 4 25 ° go 63 
3/8 11/8 5 20 oO 130 900 
7/16 11/4 6 16 8 175 i 
t/2 11/2 7 2/3 134 0 230 fe 
5/8 2 13 1/3 7 6 410 af o 
3/4 2 1/4 16 1/3 6 1! $20 3. ae 
7/8 2 3/4 23 2/3 453 775 5444 

1 3 28 1/3 3 6 925 Hs G) 

1 1/8 3 1/2 38 2 7 1,260 ,820 
2 1,445 10,120 

11/4 3 3/4 45 i ar phar 
1 3/8 4 1/4 58 I 1,855 sree 
i 372 41/2 65 I 6 2,085 14, 

070 21,500 

1 3/4 § 1/4 97 oO 3,07 

Bye | Gus [ae | 8 a) Bese | 3:0 
8 fo} 5, i 
‘ "is ‘ Le aes o 44 8,100 56,700 


* From the rules by C. W. Hunt and Spencer Miller. 





a 
i in the tabie 
—It should be noted that knots weaken a rope. The safe load given in 
is ie orcetont joad that a single repe should carry, being about 1/1 of the breaking load. The 
data is from C. W. Hunt & Co. 
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will stand safely 3037.5 Ibs., having then a factor of safety of 
seven. 
. Wire ropes need to be kept clean from rust, etc., and shoul 
be lubricated when running; graphite being as good as anything. 





Fics. 2,117 to 2,119.—Clove hitch. 3. Sailor’s method: In this method the hitch is made 
while there is a pull on the rope, as in mooring a boat. Sustain the strain on the rope with 
the left hand, as shown in fig. 2,117, and by twisting the rope to the right with the right 
hand, as indicated by the arrow, form a loop in the rope and then roll the loop over the 
top of the post. Move the Ieft hand up beyond the loop, hold the rope there, and with the 

_ Night hand form a second loop and rollit in place as shown in fig. 2,118. Note that in the 
*fittished hitch, fig. 2,119, the diagonal rope binds both ends against the post. 





Go| ae y 
Fics. 2,120 to:2,822.—Clove hitch. 4. Circus method: Cross the arms in front of the body, 
the left outside the right, and pick up the rope as shown in fig. 2,120. Without twisting the 
wrists uncrogs:'the arms, as indicated by the arrows in fig. 2,120 and take the position shown 
in fig. 2,121,... Now rotate both hands to the right as indicated by the arrows around the 
wrists, and,put the knuckles of the left hand into the palm of the right, as shown in fig. 
5,982. Slip the loop from the left hand into the right, and the hitch is ready. For most 
persons these drawings will.be more easily followed if they are inverted. The circus method 
is the quickest way of making the clove hitch, and should be learned by everyone. It is 
especially useful in pitching large tents, when many ropes must be picked up from the 
ground and fastened to short stakes. 


« 


Occasionally the rope should be carefully oiled with raw linseed 
oil, well rubbed in. 


So called flexible wire ropes should not be worked around a sheave or drum 
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/ Fics. 2,123 to 2,125.—Scaffold hitch. By the cowboy’s or circus method form a clove hitch 
of ample size so that when placed over the end of the scaffold plank it will hang loosely below 
' it, asin fig. 2,123. Draw to the left the rope in the left hand in fig. 2,123, and to the right 
/ the rop2 in the right hand in the same figure, thus gaining the position shown in fig. 2,124. 
| Turn the plank over, draw the ropes up above it, join the short end to the long rope by an 
overhand bowline (fig. 2,214), pull the bowline tight, at the same time adjusting the length 
of the two ropes so that they hold the plank level, and the hitch is finished as shown in fig. 
2,125. Attach a second rope to the other end of the plank in the same way and the scaffold 
is ready. Many occasions arise involving the need of a single board scaffold, hung by a 
single rope at each end. Ifa scaffold of this kind is to be safe, the ropes must be attached 
to the board in such a way that the board will not turn. The scaffold hitch fills the need. 









x 


A 


OST 


L 


Fics. 2,126 and 2,127 —Blackwell hitch. Form a bight in the rope and pass it under and back 
of the hook, as shown. Cross the sides of the bight to form a loop about the shank of the 
hook, passing the free end between the hook and the main rope as in fig. 2,127. The Black- 
well hitch is useful when it is necessary to attach a rope toa hook. A quick and secure 
temporary fastening is the Blackwell hitch, which is simply, a half hitch about the shank of 


the hook. 
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having a less diameter than six times the girth of the rope; harder and 
stronger ropes, such as are used for winding from great depths, should not 
pass over any wheel of a less diameter than ten times the girth. The smaller 
figures are for ropes worked at a slow speed only; for each increase in.speed 
the pulley should also be enlarged. This must specially be insisted upon 
with elevators and lifts, in which case it is advisable to exact ten asa minimum 
ratio. 


Ropes and cordage are so peculiarly a sailor’s province that 








Fics. 2,128 and 2,129.—Cat’s paw. Form a bight in the rope, grasp the sides of the bight, as 
shown in fig. 2,128, thus forming two loops, twist each loop a full turn in the direction indi- 
cated by the arrows, and hang the loops on the hook as in fig. 2,129. The Cat’s paw provides 
a double rope where wear comes, and permits a load to be carried on either end of the rope. 


nautical expressions must necessarily be used. Accordingly a 
few explanations will first be given of terms used in this con- 
nection: 


Belay.—To make fast the end of a tackle fall, etc., at the conclusion of 
a hoisting operation or the like, 


Bend.—A fastening of one rope to another or to a ring, thimble, etc. 
Bight.—The loose part of a rope between two fixed ends. 


Haul.—To heave or pull on a rope. 
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Hitch.—A fastening of a rope simply by winding it, without knotting, 
around some object. 


Knot.—A fastening of one part of a rope to another part of the same, 
by interlacing them and drawing the loops tight. 


Lay.—To twist strands up together as in rope making, the fibre or tow 
receiving a right handed twist to make yarns, yarns being laid left handed 
into strands, and strands right handed into ropes. Three strands make a 
hawser, and three hawsers are laid up into a cable. 





- 


. 


Fics. 2,130 and 2,131.—Taut line or rolling hitch. Wrap the new rope two full turns around the 
taut one, progressing in a direction away from the load as in fig. 2,130. Pass the end up over 
the wrapping, draw it firmly, and take one or two half hitches about the taut rope between 
the wrapping and the load, as indicated by the arrow in fig. 2,130 and as shown in fig. 2,131. 
The hitch will not hold unless the wrapping and the half hitch are pulled up securely in the 
first place and are tightened as the strain is put on the new rope. The taut line hitch is useful 
on many occasions when it is necessary to attach a rope to another rope that is supporting 2 
load and that therefore cannot be bent. For instance, if a strand break, a new rope must be 
attached to the rope above the break; or if in hauling with block and tackle on a rope to raise 
a load the tackle be pulled together without getting the load high enough, a new rope must be 
attached to the taut one near the load in order to support it temporarily and to allow the 
tackle to be extended and reattached to the pull rope farther up. 


Make fast.—To secure the loose end of a rope to some fixed object. 


Marline spike.—A long tapered steel instrument used to unlay or sepa- 
rate the strands of rope for splicing, etc., or for working marline around a 


seizing. 
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Parcelled.—Wrapped with canvas, rags, leather, etc., to resist chafing. 
Seize.—To lash a rope permanently with a smaller cord. 


Serve.—To lash with cord, etc., wound tightly and continuously around 
the object. 


Splice.—To connect ropes’ ends together by unlaying the strands of each 
and then plaiting both up together so as to make one continuous whole. 
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Fics. 2,132 to 2,136.—Sheepshank. Forma bight and lay it against the rope leaving below 
it a second bight or loop as long as is needful for reducing the rope to the required length 
as in fig. 2,132. Holding the first bight with the right hand, with the left hand throw a half 
hitch around it'as indicated by the arrow in fig. 2,132 and as shown in fig. 2,133. With the 
left hand grasp the sid¢s of the second bight and with the right hand throw a half hitch 
of the rope over this bight by turning the right wrist, as indicated by the arrow in fig. 2,134, 
and as shown in the finished sheepshank in fig. 2,135. If it be desired to shorten the rope 
permanently, the ends may be passed through the first and second bights, as shown in fig. 
2,136. The sheephsank is used for shortening a rope, is made quickly and without access 
to the ends. It may be tied in a rope and the rope may then be cut at the end of one of the 
two bights or along the central part in fig. 2,135, after which a strain may safely be put on 
the rope just as if it were not cut. It is said that this fact is utilized Sy steeple climbers 
who, before lowering themselves by ropes from towers where they have been at work, make 
a sheepshank near the upper end of the rope, Cut it as described above, lower themselves to 
the ground, and then loosen the sheepshank by shaking it, when the cut rope falls to the 
ground leaving only a short end up on the tower. 


Strand.—Two or more larger yarns twisted together. 
Taut.—Stretched or drawn tight, strained. 
Yarn.—Fibres twisted together. 


H oisting Apparatus 1,041 





Theory of Knots.—According to Kent, the principle of a 
knot is that ‘“‘no two parts which would move in the same direc- 
tion if the rope were to slip, should lay along side of and touch- 
ing each other.” Another principle that should be added to 





Fic. 2,137.—Anchor bend. This hitch, also called fisherman’s bend, is used for fastening a 
rope securely to a metal ring, such as that on an anchor, with a double rope in contact with 
the metal to prevent excessive wear. To make, take a round turn around the ring and then 
two half hitches around the rope, passing the end for the first half hitch through the loop 
of the round turn as shown. In this form the hitch is very secure, but it may be made more 


so by whipping the end to the main rope. 





Fic. 2,138.—Combined timber, and half hitch. This secure fastening is useful in handling 
long articles that must be kept in line with the pull of the rope. Note that the half hitch 
is around the object this time, and not around the rope. 


Fics. 2,139 and 2,140.—Clove hitch. This consists of two half hitches arranged for fastening 
a rope around an object. It may be made in the middle of a long rope without access to the 
ends, and will stand a pull from either direction without slipping when once properly set. 
It is easily undone and is a very useful hitch. 1. Beginner's method: By twisting the 
rope to the right with the right hand, form two loops in a figure eight with the ends of the 
rope side by side at the center and extending in opposite directions, as shown in fig. 2,139. 
By still further twisting the right hand in the same direction, as indicated by the arrow in 
fig. 2,139, the hitch is thrown into the completed form as shown in fig. 2,140. Put the 
loops over the object and pull taut. 2. Hand and toe method: This is used by sailors 
for heavy rope. Draw the rope along the floor from left to right across the toe of the right 
foot, and then swing it around back again from right to left, forming a loop. With the 
foot turn the whole loop upside down and over to the left. Then form a second loop by 
swinging the rope around in the same direction as before. The loops will then be arranged 
as in fig. 2,139, except that the eft hand rope will in this case come down from above instead 
of up from below as in the picture, and the right hand one will go from below upward. Pick 


up the loops, folding them together as in fig. 2,140. 
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the above is that a knot or a hitch must be so devised that the 
tight part of the rope must bear on the free end in such a manner as 
to pinch and hold it, in a knot, against another light part of the 
rope, or in a hitch, against the object to which the rope ts attached. 


The principle is illustrated in the Stevedore’s knot, figs. 2,111 and 2,112, 
and in the half hitch, fig. 2,113. 





Fic. 2,141.—American transmission rope showing lubricated and cover yarns 
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Fics. 2,142 to 2,144.—Elements ofaknot. Fig. 2,142, bight; fig. 2,143, loop or turn; fig. 2,144, 
round turn. In fig. 2,142 the bight is formed by simply bending the rope, keeping the sides 
parallel; in fig. 2,143, the loop or turn is made by crossing the sides of a bight; in fig. 2,144 
the round turn is produced by further bending one side of a loop. ‘ 





The elements of a knot or bends that a rope undergoes in the 
formation of a knot or of a hitch are of three kinds: 

1. Bight. 

2. Loop or turn. 

3. Round turn. 

These are shown in figs. 2,142 to 2,144. 

Knots and hitches are made by combining these elements in 
different ways conforming to the principles of a knot given above. 
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For example, the half hitch (fig. 2,113) is a loop around a rope, with 
the free end locked under the rope; the clove hitch (fig. 2,119) consists 
of two loops over a post; the sheepshank (fig. 2,136) is a round turn and 
two loops; the bowline knot (fig. 2,097) is a loop with a bight through 
it and around the main rope; the weaver’s knot is the same as the bowline 
knot, except that the ends take a somewhat different direction. 


Effect of Knots.—A rope is weakened by knots because in 
order to form a knot, the rope must be bent which brings most 








Fic. 2,145—Relaying. In performing this operation, the rope is held in the left hand, and 
strand No. 1 is twisted up tightly by turning the right hand as indicated by the arrow around 
the wrist. This strand is then pulled down snugly into its place in the rope and is held there 
by pressing the left thumb on the point X. The rope should not be turned in the left hand. 

*The next step is to grasp strand No. 2, twist it up tightly, lay it in snugly above No. 1, 
holding it with the left thumb by pressing on a point on No. 2 just above the point X, and on 
the same side of the rope. The left thumb should not work around the rope, but should move 
straight up the same side. Strand No. 3, is treated as was No. 2 and then No. 1 is in place 
to be laid in above No. 3. This process is repeated until the end of the rope is reached 
and it should result in the return of the rope to its original condition provided the strands 
themselves be not too badly untwisted; in the latter event it is cheaper to cut off the rope 


than to try to relay it. 


of the strain on the outside fibers; the overloading breaks the 
outside fibers, increasing the strain on the fibers below which 
later break and soon the entire rope breaks. . 
From experiment by Prof. E. F. Miller the approximate 
efficiency of knots, hitches and splices varies as follows: stra’ght 
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Fics. 2,146 to 2,151.—Crowning. Unlay the rope from five to ten inches more, according to 
size. Hold the rope in the left hand with the loose strands up. Select as No. 1, the strand 
on the left. Lay the strand across the end of the rope and between the other two strands, 
leaving an open bight projecting to the left as in fig. 2,146. Bring the rear strand, No. 2, 
forward and down over No. 1, as indicated by the arrow, fig. 2,146, into the position shown 
in fig. 2,147. Strand No. 3 now goes over No. 2 and down through the bight left in No. 1, 
as indicated by arrow in fig. 2,147, into the position shown in fig. 2,148. Pull the crown 
down tightly. Now proceed to splice back the loose ends. Each one is to pass over the 
nearest strand of the main rope and under the one beyond in a direction diagonally to the*® 
right, which is approximately at right angles to the strands of the rope. For the work procure 
a marline spike or smooth, round hardwood stick, pointed at one end and rounded at the 
other. With this instrument raise a strand of the rope close to where the loose ends project, 
and in the hole thus made insert the end of the proper loose strand as indicated by the arrow 
in fig. 2,149. Draw it down firmly. This process is called tucking the strand. Raise the 
strand of the rope next beyond and tuck the next loose strand under it. Then tuck the third 
strand. Draw all down securely. The loose strands should be given two or three more 
tucks, each strand receiving only one tuck at a time. As the strands are drawn down into 
place they tend to twist and kink. This tight twisting causes the tucked strand to stand 
out from the main rope and makes the splicing bulky. In order to prevent this, just before 
the strand is pulled into place untwist it at point A, fig. 2,150, and hold down about an inch 
of the loosened strand with the left thumb. Now draw down all of the strand not held by 
the thumb. A kink will form which must be drawn through, leaving the loosened strand 
that was held by the thumb to spread out in a thin band against the main rope. By cutting 
out some of the material of each strand after each tuck, the splice may be neatly tapered 
into the main rope, as shown in fig. 2,151. Do not cut the ends of the strands too close to 
the rope, as they are likely to draw back with use and become untucked. With a smooth 
round stick pound the splice down solid, and roll it on the floor under the foot. 
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Tope 100%; eye splice over an iron eye, 90%; short splice 80%; 
timber hitch anchor bend, 65%; clove hitch running bowline, 
60%; over hand knot, 45%. 


Treatment of Rope Ends.—The process of building up a 
rope from strands is called laying a rope, and so twisting to- 





!) 


Fics. 2,152 to 2,156.—Whipping the end of arope. To whip: Unfray one strand of the rope 
back to the point where the whipping is to begin. Un ler this strand lay the twine, leaving 
the end eight or ten inches long as shown in fig. 2,152 and the relay then strand into the rope 
keeping it twisted up tightly and pulled hard down into its place as directed for relaying. 
If an especially secure whipping is to be made, th twine may be tied about the strand under 
which it is tuck2d; usually however, this is not necessary. Whip the long end of the twine 
around both the rope and the short end of the twine, being careful to pull it up tightly and 
to leave no vacant spaces between turns. When about half the desired distance is covered, 
bend back the short end of the twine so as to form a bight extending out beyond the end of 
the rope and begin whipping over both sides of the bight as shown in fig. 2,153. Continue 
whipping as far as desired and then pass the long end of the twine as closely as possible. 
Figs. 2,154 and 2,155 show steps in the process and fig. 2,156 the completed result. 


gether strands that have become untwisted is called relaying, 
the latter process being shown in fig. 2,145. 

Whipping consists in binding the end of a rope with twine 
to prevent it untwisting as in figs. 2,152 to 2,156. 

Ropes that are to be passed through pulley blocks, or like 
halter ropes, through small holes, should be finished in this way. 
A method of doing this so that both ends of the twine are 
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fastened by tucking under the whipping is shown in figs. 2,152. 
to 2,156. 


Crowning.—This is a neat, secure and permament method 
of fastening the strands of a rope when a slight enlargement of 
the end is not an objection. Figs. 2,146 to 2,151 show how 


this is done. 
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Fic. 2,157.—Coil of Manilla rope. Properties: Diameter 4% to 334; length 3,000 to 1,200 ft.; 
weight 33 to 3,580 Ibs.; strength 500 to 75,000 lbs. 


Emergency Trip Sling.—It is sometimes desirable to use a 
sling that can be tripped and the load dropped, without slack- 
ing up on the hoisting rope as is done with a regular trip sling 
for hay. If such a sling be not at hand, a substitute may be 
made as follows: 
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Procure a piece of rope of sufficient length, splice or tie the ends together 
to make it endless, draw the loop out long, and lay on it the material to 
be raised. Pull the sling up around the load and lay one end of the sling 
on the double ropes of the other end, as is done in fig. 2,098. Throw a 
half hitch over the first end, as shown in fig. 2,099, getting the hitch as 
near the load as possible and at the same time leaving the end A, only 
long enough to hold. In this case the two ropes extending upward in 
fig. 2,099 would be joined, forming a bight. Into this bight fasten the 
hoisting rope and begin hoisting gradually, watching the hitch to see that 
it becomes properly set. 





Fic. 2,158.—How to undo a snarl: Begin by loosening it, drawing out one end as far as pos- 
sible as at A, and then opening the center of the snarl so as to form a hole of considerable 
size around the rope A. The whole bundle of tangled rope is then seized and forced through 
the hole thus made, putting the outside part of the bundle through first as shown by the 
arrows, a process much like kneading bread. This will add a little straight rope to the 
end A, and if patiently continued, the process will surely unravel the worst possible tangle. 


If a trip rope be fastened at the point held by the left hand in fig. 2,099, 
the hitch may be tripped by a sharp pull toward the right. It must be 
remembered that this is only an emergency hitch and, while quite secure 
when properly set, it will give way if not so set. Therefore it is neces- 
sary to keep from beneath the load. 


Care of Ropes.—Hemp is easily rotted by the influence of 
damp; hence, if the ropes have been used in the rain or allowed 
to get into water, they must be hung up todry. A beam within 
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a shed, some eight or ten feet above ground, is most convenient 
for this purpose, the rope being passed over it from one side to 
another, and hanging down in loose festoons on each side well 
clear of the ground. This facilitates the circulation of the air 
around each part of the rope. On no account should a rope be 
coiled up when wet, as the internal covered parts absorb all 
the moisture and quickly rot. 





Fics. 2,159 and 2,160.—Rope weight or ‘cow sucker.”” Fig. 2,159, exterior view; fig. 2,160 
section through center showing weight cast around a central bar, the latter having a hole at 
each end to receive the load hook and an eye for connecting to the rope. 


d Constant inspection is necessary, as unlooked for damage may be occa- 
sioned by the parting of a rope. A good method of inspecting the inside 
fibres is by partially untwisting the strands’ by moving each hand in oppo- 
site directions as they hold the rope; this gives an opportunity of examining 
the under side of the strands. 
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The strain and chafing cause rupture of the fibres, which must be seen to. 
Much of this trouble may be obviated in the case of standing ropes by 


using “‘parcelling,” or chafing gear, of rags, marline or leather bound 
around the rope to protect it. 


Always suspect a rope that has lain in a warm place, such as a boiler 
house. It may have “‘perished”’ and is not trustworthy. 


Ropes that have to be exposed to wet are rendered more durable by 
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2,163 and 2,164, closed and open sockets; 


Fics. 2,163 to 2,166.—Wire rope fastenings 2. Figs. 
fig. 2,165, atlas clip; fig. 2,166, Crosby clip- 
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their ropes in terms of the circumference, and the various formulae for 
weight and strength are all calculated from that dimension. 


Rope Weights.—Manila, or wire rope for hoisting is usually 
provided with a rope weight or cow sucker, as shown in figs. 
2,159 and 2,160. The object of this weight is to cause the rope 
to unwind or pay out when released. 

Chains.—These are made of round bar iron or steel forged 
into links, by bending to shape and welding. 





Fics. 2,179 to 2,185.—Various slings and tongs or grapples, showing types most frequently 
used. The-number of chains, number and shape of hooks, etc., may be varied to meet con- 
ditions. 


The stud is a distance piece, usually of cast steel, which serves 
to strengthen the link; it is used on the larger sizes alone and 
permits a longer link. Most chains for heavy stresses are made 
this way. 


Fig. 2,177 (11) shows a close link chain sling, having a large open circular 
link in which the hook engages. A length of stud chain is illustrated in 
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fig. 2,178, and is noteworthy on account of the swivel in the middle of its 
length, permitting rotary motion without fouling the chain. 
Turnbuckles are generally used to strain both chains and ropes 
Working Loads of Chain Blocks eda Ee * au 
Pull in Pounds Required Feet of Hand Chain to be termed a hook and- 
on Hand Chain to Lift Pulled by Operator to Lift |eye turnouckle 
Full Load: Load One Foot High adapted for tight- 
——_— | ————_ ening the shrouds 
i - . Differen- r es 
Triplex | Duplex okie Triplex | Duplex f ial ie” = re 
rick. Fig. 2,175 is 
an ordinary type 
of turnbuckle, 
sometimes known 
as a stretching 
screw, provided 
with right and left 
hand threads to 
tighten stays, etc. 


= 
as 


4% 
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Lifting Capacities of Air Hoists 


Lifting Capacities at Various Air Pressures Cubic Reet of 


Diameter (Actual), in Pounds Syed Ais eed 
of Cylin- 


der 3 per Ft. of Lift 
Inches | At6olbs. | At8olbs. | Atroolbs. | at 60 Pounds 


380 510 630 0.3 
680 goo 1,130 ‘9.45 
1,060 1,410 1,770 0.68 
1,530 2,040 2,540 0.99, 
2,080 2,770 3,460 “1.36 
2,710 3,620 4,520 as 
"4,250 5,660 7,080 2.97 
6,160 8,220 10,280 3.99 . 
8,310 11,080 13,850 5.42 
10,860 14,480 18,100 6.91 
16,960 22,620 28,280 Ir.t0. 
24,430 32,570 40,720 15.80. 





A chain or cable shackle as seen in fig. 2,174, is used for con- 
necting lengths, usually 15 fathoms, of a cable; the bolt has 
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countersunk head and is locked by a wooden or brass taper pin, 
as iron would rust in. Fig. 2,174 (8) represents the common 


‘Fic. 2,186. — Block 
and tackle. The 
arrows show the di- 
rection of travel of 
the rope. 





anchor shackle, in which the pin is attached 
by a cotter or fore lock; this type is occasion- 
ally termed clevis. 


Chains, both stud and close link, should be 
obtained from reliable sources. In view. cf possible 
deterioration and the severe strains to which they 
are subjected, crane chain slings, etc., should not be 
worked above a safe load. 


Crane chains require to be taken off twice a year 
and annealed; that is, placed in a muffle or rever- 
beratory furnace, brought slowly to a red heat, and 
cooled off gradually, covered the while with ashes or 
sand to exclude the air. This process is rendered 
necessary on account of the crystallization or alter- 
ation of fibre set up in the metal by the constant 
jar and reversal of strain. Broken crane chains 
often exhibit a granular fracture like cast iron. 


2. The Gearing 


Combination of Pulleys.—For lifting heavy 
weights recourse is had to the mechanical 
power known as the pulley, consisting in its 
simplest form of a grooved wheel rotating on 
an axis. The mere passing of a rope over one 
fixed pulley for hoisting a weight does not 
give any increase of power, the force 
necessary to sustain the weight being equal 
to the latter, plus friction of the rope, etc. 
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The combination of ropes and pulleys to gain a mechanical 
advantage in lifting a load is known as a block and tackle. 

The block consists of shell, pulley, and hook or eye. Usu- 
ally two blocks are used. 

The rope or chain connecting the blocks and by which they 
are worked and the load hoisted is called the tackle. 


The block and tackle gives a ‘“‘mechanical advantage” in the application 
of the power, for instance, it is easier to haul downward ona pull of say 100 














Fics, 2,187 to 2,189.—Iron sheave blocks. 1, single sheave; 2, double sheave; 3, three sheave. 
ese united to form a tackle similar to fig. 2,186, are used for handling weights by manual 
power, the lower block generally having one sheave less than the upper. The standing end 
of the rope is seized to the becket* of the lower block, rove first through the upper, then the 
lower, and so on until the fail finally depends from the upper. 


lbs. than it is to lift 100 Ibs. directly from the ground. This mechanical 
advantage should not be confused with the multiplication of effort. Thus, 
according to the “degree of gearing”’ the 100 Ib. weight may be lifted by the 
application of less force as 50, 25, 10, 5 Ibs. pull, etc. For instance, when 
one end of the rope is fixed, Passes under a single pulley to which the load 
is attached and the free end is lifted, the travel of the rope or cord is double 
that of the weight, and the power necessary to sustain the latter is half the 
weight plus friction. It may be stated in the reversed proposition, that 
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with a movable pulley the weight capable of being lifted is twice the force 
applied minus the friction of the apparatus. 


Combinations of pulleys are arranged with several sheaves in one case, to 
form a block to secure this multiplication of power. The upper or fixed 
block gives the mechanical advantage of application, and the lower or 
movable block, by multiplying the travel of the rope as compared with 





Fics. 2.190 and 2,191.—Wooden blocks. Fig. 2,190, three sheave; fig. 2,191, two sheave 
Wooden blocks are used out of doors in preference to iron ones, in connection with derricks 
gin poles or rigging as they will stand the weather and rough usage better. The sheaves are 
of brass or of lignum vitae bushed with bronze, working on a steel pin. The two blocks here 

the assembly being called “block and tackle” or briefly 


shown are commonly united by rope, 
tackle. Some denominate blocks by the number of times the rope or block fall passes the 
lower pulleys, hence the combination here shown would be called a feur run block. The 
mechanical gain is five fold. Since there are five ropes supporting the lower or movable block 


that of the weight, increases the power in proportionate ratio. Each mov- 
able pulley halving the power necessary, with two sheaves the force neces- 
sary is one-half of one-half or one-quarter. Briefly, the weight capable 
of being lifted is equal to the force multiplied by the number of ropes supporting 


the lower or movable block. 





*NOTE.—Beeket; by definition: a loop at the lower end of a block to which the standing 


part of the fail is made. fast. 
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Examination of the block and tackle shown in fig. 2,186 will make this 
clear, the arrow heads showing the direction of travel of the rope, or fall, 
as it is termed.. The thin cord shown manipulates a patent brake, seen 
in the upper block, which locks the rope should it be desired to suspend 
the object lifted. 


It will be evident, upon consideration, that no two sheaves travel at 
the same velocity, on account of the varying speed of the different parts 
of the rope. It is therefore requisite that the sheaves be independent of each 
other , revolving loosely upon a spindle fixed in the shell or frame of the block. 





Fics. 2,192 to 2,194.—Snatch blocks. Pulley blocks have frequently to be used as fair leads or 
guide pulleys, for a block fall to a winch or capstan, when the pull is not in a straight line; 
and in that connéction it is very inconvenient to have to reeve or unreeve a long rope through 
the sheave. Tosave this trouble, part of one cheek of the block is made to work on a hinge 
or joint, forming a snatch block, three types of which are here shown. Fig. 2,192 is locked by 
a link and bent pin, which latter is turned around to release the latch. A common iron 
snatch block is shown in fig. 2,193, the cheek swinging clear to get the rope in or out, locking 
on a wedge and fastened by a split pin. The usual type on shipboard has the movable part 
working on a hinge, and locking by means of a forelock or cotter thrust through a pin pro- 
truding from the fixed part through a hole in the latched portion. Fig. 2,194 shows what is 
known as the burr pattern, the hinge being locked by means of a wooden pin. 
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A basal factor of all mechanical powers is, that whatever ts lost in time ts 
gained in load lifted, or the reverse. It has been seen that with the weight 
traveling half as fast as the rope, double the weight could be lifted with the 
same force, or a force of only half the weight was necessary. 

In practice the friction losses must be considered in esti- 
mating the power required to lift loads by blocks. The follow- 
ing table may be used in estimating the power required. 


Working Loads of Rope Blocks 





Manila Rope Wire Rope 


Number of 


Rope Lengths 4 5 
Shortened re bs Efficiency, ot p. ; Efficiency, 
Pull Per Cent Pull Per Cent 





1.91 
2.64 
3.30 
3.84 
4-33 


2 
3 
4 
$ 
6 


~ 
now On 





— 


NOTE.—Pneumatic Hoists. 1, Air balanced type. This form of pneumatic hoist is 
so arranged that there is full air pressure on the stuffing box siJe of the piston at all times. 
The load is hoisted by exhausting air from the space above the piston, and is lowered by ad- 
mitting air above the piston; the unbalanced area due to the space occupied by the piston 
rod aids in forcing the piston downward. The advantage of this arrangement is accuracy of 
control. These hoists are adapted for use in foundries for setting cores, for closing molds, 
drawing patterns, and for many other purposes requiring a comparatively delicate control 
of the hoisting movement. 2, Double acting type. This type difers from the balanced type 
in that air may be admitted and exhausted from either si le of the piston, so that the latter 
may be moved in either direction with equal power. Thus, witha balanced hoist, there 1s a 
constant pressure on one side of the piston and a variable pressure on te other, whereas with 
a double acting type, the pressure on either side of the piston may be v1.1 od in accordance 
with the amount of the load and the direction in which the force mu ‘t be applied. ; For this 
reason, hoists of the double-acting type are used whenever either a pushing or pulling effect 
may be required. 3, Horizontal heist. In certain locations, the standara vertical air ee 
are not applicable owing to the limited amount of head-room available, and special horizont 
hoists are sometimes used, under these conditions. One method of arranging such a hoist 
is to equip the hoist with a sheave at the end of the piston rod, instead of a hook and pe re 
the lifting hook to a wire rope which passes around the piston rod sheave and over an idler 
sheave, so that the hook will be raised or lowered as the horizontal piston moves out or in. 


NOTE .—Lifting capacities and other data on air hoists are given in the table on page 1,052 
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Example.—What force (pull) must be applied on a block and tackle 
having four rope lengths shortened to lift 500 Ibs. 


For four rope lengths, according to the table, the ratio of load to pull is 
3.3. Accordingly, a force applied = 500 + 3.3 = 151.5 Ibs. 


Example.—lIf{a pull of 100 lbs. be applied on a block and tackle having a 
ratio of load to pull of 4.33, what load can be lifted? ; 


100 X 4.33 = 433 Ibs. 


The table of Yale and Towne chain hoists which follows gives working loads for various 
chain blocks and feet of chain to be pulled by operator to lift load one foot. 


DUPLEX DOUBLE CHAIN WORM WHEEL BLOCKS 








Tee is Minimum Distance Chain Pullt 
coc | Pete | nese | _ oa 

% 8 13 68 40 
1 8 16 87 59 
14 8 19 94 80 
2 9 21 115 93 
2° 10 25 132 126 
4 10 29 142 155 


a eS ES 
tNOTE.—Figures denote the pull in pounds required to lift the full load, and the number 
of feet a os chain which must be handled to lift the load one foot. 


—Figures denote height in feet which blocks with regular lengths of chain will 
ag from level on which operator stands. 


SCREW GEARED TRIPLEX BLOCKS 








_ _ | *Regular Reach in poe : Chain Pull] Feet of Chain 
Casas "| Mest | "inches" /S¥een Hooks |Net, Weieheins tolithitt oad. one 
% : a 15 53 62 21 
Reeth 17 80 82 31 
1% 8 9'-714" 1914 124 110 35 
2 9 11’-0” 24 188 120 42 
3 10 12’-8” 32 200 114 69 
4 10 13’-1” 37 290. 124 84 
5 12 15/-9” 45 380 110 126 
6 12 15’-10” 46 390 130 126 
8 12 16/-3/” 51 470 135 168 
10 12 16’-9” 57 570 140 210 
12 12 16’-9”" 57 800 130t 126t 
16 12 pga as 61 1000 135f 168+ 
20 12 18’-5’ 77 1375 140} 210+ 


*NOTE.—Figures denote height in feet whi 


ch blocks, with regul i i 
hoist above level on which operator stands. peste tes TA 
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Differential Blocks.—This heavy duty type of hoist or chain 
block was invented by Thomas A. Weston in 1854 and is com- 
paratively inexpensive and simple in construction. It is based 
upon the principle of the Chinese windlass shown in fig. 2,195 
and 2,196. An inspection of the figures will show that the 
differential block depends for its utility upon a very slow speed 
of the weight in comparison with the speed of the haul. This 
is secured by making the two upper pulleys of nearly the same 





Fics. 2,195 and 2,196.—Chinese windlass illustrating the principle of the differential hoist. 
It consists of two drums, A and B (onea little larger than the other) connected toa shaft 
and having the ends of a lifting cable attached to the drum as shown, so that in turning the 
crank the cable will simultaneously unwind on one drum and wind on the other. Fig. 2,195 
shows the beginning of the lifting operation. As the crank is turned clockwise the cable winds 
on B, and unwinds on A, and since B, is larger in diameter, the length of cable between the 
two drums and load is gradually taken up, thus lifting the load. Evidently by making the 
difference in diameter of the two drums very small an extremely large leverage is obtained 
thus enabling very heavy weights to be lifted with little effort. The load will remain sus- 
pended at any point, because the difference in the diameter of the two drums ts too small to 
overbalance the friction of the parts. Fig. 2,196 shows the end of the lifting operation. 


size, the endless chain being paid out by one while it is hove in 
by the other. In other words, the smaller sheave tends to 
lower the weight while the larger one raises it, the total lift 
equalling the difference of circumference of the two sheaves. 
Assuming in this case that there are 25 sprocket teeth in the 
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larger sheave and 23 in the lesser, the velocity of haul as com- 


WW A 2 KZS 
pared with that of the lift will be 55 — 93 25 to 1, conse- 
quently a pull of 80 lbs. will lift 1 ton or 2,000 lbs. This style 
of block is fitted with an endless chain, which obviates a serious 


‘objection to the principle of the differential windlass, namely, 


ENDLESS HAND CHAIN 


BEARING ay : 
bd |8] 
(uluhaj hae ee " 







WORM 
BEARING 





DRIVE 
PULLEY 


CHAIN 


| 
y 
W H 
ff 

Fic. 2,197.—Elementary worm gear host. The hand chain A, is used for rotating the drive 
pulley B, which is connected to the worm by a shaft. The worm meshes with the worm wheei 

E, whose shaft is attached to the pulley F, over which passes the lifting chain G. The pulley 

F, has pockets for receiving the chain links so that the chain cannot slip in lifting the load H. 


OAD 


the great length of rope required if the displacement of the 
object moved is to be very large. 


As the differential tackle is liable to mishaps in use, such as jamming of 
the chains, or slipping the load on jerking, and has the serious defect of 


Hoisting Apparatus 1,061 





having only a certain length of chain, which 
precludes long lifts, other contrivances, such 
as worm and spur geared hoists have been 
designed to attain the same end. 


Worm Hoist.—In this type of hoist 
(sometimes called screw hoist) the 
power is transmitted from a hand chain 
to the load chain by worm gearing, 
the principle of transmission being 
shown in fig. 2,197. 


In the worm hoist an endless chain, passing 
around a sprocket or gipsy wheel, rotates a 
worm, and, by multiplying gearing, hats on 
the lifting chain. Not only is the gain of 
power, at the expense of time, obtained by 
the multiple gearing of this device, but the 
worm prevents slipping, and as there is no 
weight on the hand chain a jam is not dan- 
gerous. 

The name “Duplex” is applied to worm 
hoists having a double chain attached to the 
hook as in fig. 2.198. 


Spur Gear and Drum Hoist.—This 
type of hoist is known as a winch, which 
by definition, is a windlass, particularly 
one used for hoisting, as on a truck or the 
mast of a derrick, having usually one or 
more hand cranks geared to a drum 
around which the rope or chain winds, 
but sometimes rigged for steam power. 


Fic. 2,198.—Worm gear hoist. In operation, an endless 

chain, passing around a sprocket or gipsy wheel, rotates 

a worm, and, by multiplying gearing, hauls on the lifting 

chain. In the illustration this will be seen to be double, 

- for giving a steady lift, and it is raised or lowered oy 

i wheels seen to the right. Not only is the gain of power, at the expense o| 

Bechet by the multiple gearing of this device, but the worm prevents slipping, and as 
there is no weight on the hand chain a jam is not dangerous. 
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Fig. 2,201 shows a simple winch with single 
reduction gearing. It is fitted with a brake for 
lowering; a latch, seen near the further frame, 
holds the pinion or crank-shaft in gear. When 
desiring to lower, the load is held on the brake, 
the latch lifted, pinion shaft thrust to the right 
out of gear and locked, the load being lowered on 
the brake without the handles revolving. 


When using a winch of this description for wire 
rope, the barrel or drum should be at least twenty 
times the diameter of the rope. 


Figs. 2,202 and 2,203 show a combined single 
and double reduction winch having a greater 
capacity range. 


Example.—In the double reduction winch 
shown in figs. 2,202 and 2,203 if gear L, have 60 
teeth, gear A, 10, gear R, 24 and pinion F, 8, and 
the crank arm be twice the radius of the drum, 

‘what load can be lifted for a boring force of 100 
Ibs. applied to the crank handle? 


Ratio of Lto A = 60 + 10 = 6 
Ratio of R toF = 24+8=3 
total ratio of double reduction = 6 X 3 = 18 
ratio crank arm to drum radius = 2 


total gearing ratio between handle and rope 2 « 18 
= 36 


load lifted for 100-lb. pull on crank = 100 « 36 
= 3,600 lbs. 


Fic. 2,199.—Differential hoist. It depends for its utility upon 
giving a very slow travel of the weight in comparison with the 
speed of the haul. This style of block is fitted with an endless 
chain, which obviates a serious objection to the principle of the 
differential windlass; namely, the great length of rope required 
if the displacement of the object moved is to be very large. 
This type of hoist is adapted to many purposes although it is 
inefficient as compared with other designs in which the re- 
duction is obtained through gearing and is also comparatively 
slow in operation. Ordinarily made in capacities 14 to 3 tons. 
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Spur Gear and Spool Windlass.—In this type of hoist as 
shown in figs. 2,204 and 2,205 which represents a home made 
rig, the hauling rope is wrapped around the spool three or four 





Fic. 2,200.—Planetary Spur geared “Triplex”’ block or hoist. The power is transmitted from 
the hand chain to the load chain. In operation, when the hand wheel carrying the hand 
chain is rotated the pinion A, is also rotated and transmits its motion through two inter- 
mediate gears B and C, at two points always diametrically opposite each other. Pinions 
fixed to gears B and C, engage an internal gear D, which acts as a fulcrum and causes the 
pinion case E, to revolve. This pinion case is keyed to the sheave F, which carries the load 
chain of the hoist. The load is held at any given point and the hoist prevented lowering until 
the hand wheel is turned in the opposite direction, by a friction brake and ratchet mechan- 
ism. Motion from the hand wheel is transmitted through friction discs to a hub which 
drives the pinion A. The hand wheel is screwed onto a threaded extension of the hub, and 
interposed between these two parts is a ratchet disc. These discs, one of leather and the 
other of galvanized iron, are placed in contact with the sides of the ratchet disc, and the dif- 
ferent pinions referred to are so arranged that, when the hand wheel is rotated in the direction 
for hoisting. it is screwed onto the hub, hence the ratchet disc is gripped between the hand 
wheel and hub so that all the parts rotate together and motion is transmitted to the driving 
pinion A. Whenever the downward pull on the hand chain is discontinued, the load is pre- 
vented lowering by a pawl which engages the ratchet disc. When it is desired to lower the 
load, the hand wheel is pulled around in the opposite direction, which unscrews it somewhat, 
thus releasing the friction mechanism, which permits the hub to revolve, as the result of the 
force of the sustained load which is transmitted through the system of gearing and causes pin- 
ion A, to rotate. This rotating of the pinion and the hub on which the hand wheel is screwed 
causes the hub to tighten quickly, provided the rotary movement for lowering is discon- 
tinued. There is a continuous slippage between the friction surfaces as long as the hand wheel 
is rotated in the reverse direction. As soon as this rotation is stopped, the downward move- 
ment of the load is stopped. 





Fic. 2,201.—Crab or hand winch consisting of single reduction gearing with drum, brake, paul, 
and hand cranks. 





Fics. 2,202 and 2,203.—Winch with combined single and double reduction gear. For light 
loads the handles are connected to shaft M, giving single reduction through gears LA, and for 
heavy loads they are connected to shaft S, giving double reduction through gears LARF. 
The winch is fitted with a brake for controling speed in lowering, and with a pawl for holding 
the load at any elevation. 
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times, one end fastened to the load and the other held taut 
while the crank is turned as in fig. 2,206. 


3. The Supporting Structure 


Gin Pole.—Erectors will find the gin pole of great use; this 
is a stout pole, of a length corresponding to the object desired 





me eee eee ee eae ee 


Fics. 2,204 and 2,205.—Home made windlass. Cranks not shown are attached to the shaft at 
M and S. The spool tapers outward to the ends so that the three or four turns of rope taken 
around the spool will not run off as the winding progresses but slip back to the center. A 
windlass differs from a winch in operating principle in that the rope is paid out as fast as it is 
wound, depending on the friction due to the three or four turns to raise the load; the rope of 
a winch is fastened to the drum. 


to be operated upon, which serves as a portable derrick to 
place upon their foundations objects which occupy a vertical 
position, such as iron chimneys, derrick masts, etc. 


The gin pole and method of using it in placing a mast in position is shown 
in figs. 2,207 and 2,208. 
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Tripod or Shear Legs.—This is an old and well known hoisting: 
device as shown in fig. 2,211. It consists of three sticks or legs: 
fastened together at the top and from which point the tackle is- 
suspended. ) 

Different methods of fastening the legs together are used, 
that here shown being perhaps the most simple. 


Stiff Leg Mast.—Another -form of supporting structure 
consisting of a mast of suitable height and fixed by braces on a 





Fics. 2,207 and 2,208.—Gin pole andits use. In placing gin pole in position its outer end is 
temporarily supported on a trestle or horse to save distance in walking up. For fixing the 
stakes or “dead men,” some little trouble must be taken, as a simple driven peg will not have 
sufficient holding power. A cross is made of stout wooden planks two or three feet long, the 
arms connected by a long eye-bolt or plain bar with enlarged head; the part of the bolt 
which passes through the cross arms being threaded and fastened above and below the planks 
by lock nuts. The ground is dug up, the cross arms buried to a depth of some three ate 
with the eye bolt or swelled head protruding well above the surface. 5 The earth is wel 
rammed down into the ditch to increase holding power. A better contrivance is the screw 
anchor shown in fig. 2,210. 
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Fic. 2,209.—Stiff leg mast mounted on triangular base and secured in position by three “‘stiff 
legs’’ or braces extending from the vertices of the triangular base diagonally upward to the 


mast. Cross strips are nailed on permitting access to the top of the mast for fastening the 
pulley. 


Fic. 2,210.—Screw anchor. It consists of a cast iron helix some twelve inches in diameter, 
with four inches pitch. The screw is “cast on” a wrought iron or steel shank of one and a half 
inch square section, which is suitably jagged to grip the cast metal. The shank is about six 
feet long, terminating in a three inch eye. This anchor is worked into the ground in similar 
fashion to a screw pile, and possesses remarkable holding power. Its superior hold is attrib- 
uted to the fact that the surrounding earth is not disturbed in inserting it. Another advantage 


is the short space of time required to insert it as compared with digging a ditch for a “dead 
man”’ or other anchor. 


Hoisting Apparatus 1,069 





triangular base is shown in fig. 2,209, the term ‘“‘stiff leg’ being 
applied to distinguish it from the mast secured by guy cables as 
in fig. 2,207. 


Derricks.—By definition a derrick is an apparatus for lifting 
and moving heavy weighis. It is similar to the crane, but differs 
from it in having the boom, which corresponds to the jib of the 


Fic. 2,211.—Tripod or shear 
legs. In construction, a 
hole for a good stout bolt is 
bored through all three legs; 
a U-shaped piece of iron 
called a shackle is placed in 
position as shown in the 
drawing and the bolt is run 
through to hold all together. 
The bolt should be left rather 
loose and after it is in place 
the threaded end should be 
riveted slightly to avoid the 
possibility of the nut coming 
off. 











crane, pivoted at the lower end so that it may take different 
inclinations from the perpendicular. 

The weight is suspended from the end of the boom by ropes 
or chains that pass through a block at the end of the boom 
and thence directly to the crab, or winding apparatus at 
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the foot of the post. Another rope connects the top of the 
boom with a block at the top of the post, and thence passes to 
the motor below. 

The motions of the derrick are: 

1. A direct lift. 

2. A circular motion around the axis of the post. 

3. A radial motion within the circle described by the point 
of the boom. 





Fics. 2,214 and 2,215.—Terry “‘Jinniwinks’’ or so called “‘A” frame derrick. This differs 
from the ordinary stiff leg derrick in that it has in place of a boom, two inclined timbers, 
fastened to a horizontal cross piece and a stiff leg fastened to a second horizontal member 
projecting backward at right angles with the first. It is thus made with the minimum amount 
of framework, thus securing lightness with resulting ease of moving and erecting as well as 
security and rapidity of anchoring down. 


The accompanying illustrations show various types of derrick in general 
use. 


Pile Drivers.—The pile driver is equipped with a very sub- 
stantial supporting structure and while not a hoisting rig in 
the general sense of the term its operation depends upon hoisting 
a heavy weight and may be properly considered here. 
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MAST STEP 
FOOT BLOCK 


Fic. 2,216.—Dernck fittings: 1, foot block and mast step irons, showing lock at the rear of the 
ball and socket joint. There are two sheaves in the foot block and one in the mast step. 
The sheave in the mast step is not required for stiff leg derricks. Special foot blocks and 
mast steps are required for handling clam shell or orange peel buckets and other three line 
work, 














Fics. 2,217 and 2,218.—Derrick fittings: 2, mast top trons. Fig. 2,217, irons with spider plate 
for guy derricks; fig. 2,218, irons with goose necks for stiff leg derricks. Iron cone complete 
with block, pin, shackles, back plate and bolts as shown. 
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STIFF LEG~ 





Fics. 2,219 and 2,220.—Derrick fittings: 3, beem end for general work and stiff leg connection 
to sill with stiff leg straps. 





Fics. 2,221 and 2,222.—Derrick fittings: 4, boom idler for guy derricks and boom end for oper- 
ating clam shell or orange peel buckets. The hole on lower side is for a shackle pin which 
can be used to attach upper block for a fall with several parts. 




















Fics. 2,223 and 2,224.—Derrick fittings: 5, mast brackets used with derricks operating clam 
shell and orange peel buckets, and guide sheaves for bull wheel line. 
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¥iG. 2,225.—View of pile driver for land pile driving showing construction of derrick and ar- 


rangement 0 hoisting engine and rigging. For marine use the assembly is mounted on @ 
scow. 
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A pile driver consists essentially of a hoisting engine, boiler, derrick, 
monkey or hammer, and rigging, all assembled on a foundation of heavy skids 
or on a scow. 


The supporting structure or derrick consists of an elevated structure 
having a pulley at the top over which passes a cable from the hoisting 
engine drum to the monkey or hammer, the latter working in vertical guides. 
In operation, when the pile is in position under the monkey, the latter is 
hoisted by the engine, till near the top of the derrick, when the operator 
releases the drum friction allowing the monkey to fall and deliver a blow to 
the pile. 






GUIDE SHEAVES 


TURNING 


Fic. 2,226.—Derrick fittings: 6, Terry all steel bull wheel and guide sheaves. The wheel is 
made in halves and may be conveniently erected without unstepping the mast. The ring is 
a heavy angle iron with the vertical leg rolled with an appreciable outward flare which 
eliminates any tendency for the line to climb. An inverted movable section of the ring is 
placed under the boom which makes it a full circle. The braces which drive the boom are 
made of steel beams, and sills of heavy angles. 


The sinking of the pile depends on the character of the ground into which 
the pile is driven. 


Piles having a diameter of 10 to 14 ins., require to be driven with a 
monkey weighing from 1,000 to 1,700 Ibs. Sheet piles, with a breadth of 
9 ins. and a thickness of 3 or 4 ins. require a 1,000 to 1,700 Ibs. monkey. 
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The following table gives pile driver proportions as recom- 
mended by the Lidgerwood Co. 


Derrick Monkcy 
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4. The Drive 


The term “drive” as here used relates to the kind of power 
applied to the hoisting apparatus, as hand, steam, electric, etc. 


The mechanical arrangement for hand power has already 
been covered and need not be further considered. 

In the so called “‘power” drives, the apparatus including the 
prime mover, gearing and drum or spool is usually combined 
in one unit and will here be considered briefly as a whole. 


Steam Hoists.—The steam hoisting engine represents a class 
of machinery possessing wide utilities, and has been highly 
developed by manufacturers to meet the varied requirements 
of all kinds of building work. A so called “hoisting engine’”’ 
consists essentially of a boiler, engine, transmission, and fric- 
tion drum, all assembled on one base forming a unit. 

Figs. 2,227 and 2,228 show single and double cylinder hoists 
respectively. Evidently the single cylinder type is suitable 
for light duty and the double cylinder, for heavy duty hoisting. 
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In operation, the power of the engine is applied in hoisting 
by means of a cable, fastened to the drum, the latter usually 
being loose on the engine shaft, and made to turn in applying 
the power by means of a friction clutch. The transmission of 
power between engine and drum may be by direct drive as in 
fig. 2,229 for high speed hoisting, or by gearing as in figs. 2,227 
and 2,228, for heavy duty. The general proportions of steam 
hoists are given in the following table: 


= 














Fic. 2,229.—Simple hoisting engine with direct drive. There are two slide valve engines with 
cranks at right angles, hence, the engine will start in any position. This type is adapted 
to high speed hoisting, as in unloading coal at docks. 


Twin City Double Cylinder Steam Hoist 
One Friction Drum with Boiler 


Hoisting Cylinder sizes | Drum sizes Boiler o 

capacity || Rated ))\ a | ee ee eee Shipping 
single H. P. Diam. | Length] piam. Height} No. 2”| weight 
line Bore | Stroke| body |between| she” | shell | ues | approx. 


flanges 


4,000 20 | 64% 8 12 23 | 36 75 60 6,300 
5,000 25 | 64 10 14 26 38 84 68 7,600 
6,500 Soma 10 14 26 40 90 85 7,800 
9,000 45 | 8% 10 14 27 42 96 92 9,500 
_ 14,000 65 [10 12 16 32 54 | 102 | 150 | 17,000 


The proportions given in the table are suitable for general 
work and pile driving where one drum is sufficient. 
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Drums.—Of the many types of drum there are two general 
classes: the fixed, and the loose drum. The fixed drum is found 
on some of the simpler machines designed for that class of work 
which requires only the operations of lifting or lowering, or 
where only single loads have to be handled. 

The loose drum is the type mostly used and is so constructed 
that it may be thrown in, and out of engagement while the 
engine is in motion, by the action of friction rings. 

Fig. 2,230 shows the principle of operation. 




















Fic. 2,230.—Sectional view of loose drum. The parts are: A, shaft; B, friction blocks; C, 
friction flange; D, drum; E and F, friction rings; H, winch head or spool; J, J, bearings; 
K, gear wheel; P, thrust screw; S, drum flange; T, ratchet teeth. 


The drum D, is thrown into gear by a slight endwise movement on its 
shaft A, produced by turning a lever attached to the screw P, whose end 
is in contact with a hardened thrust pin. The action of this pin is best 
seen in the sectional view, fig. 2,231. When the engineer turns the friction 
lever toward him, the thrust screw, which has a left-hand thread, pushes 
the thrust pin against a collar key, which works in a slot cut through the 
shaft. The collar key, together with the collar, is in turn, pushed against 
the drum, forcing it into contact with friction blocks to prevent any 
rotation on the shaft. These blocks consist of sections of hard wood B, 
bolted to the gear wheel K, which is keyed to the shaft. The adjacent 
flange on the drum has inclined rings E, F, which register with the bevel 
on the friction blocks, the endwise movement given the drum by turning the 
friction lever, bringing the rings into frictional contact with the blocks, thus 
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preventing the drum turning on the shaft since the latter is keyed to the 
gear wheel K. 


When the friction lever is turned clockwise to release the drum, the 
latter is pushed to the right out of engagement with the friction blocks by 
the spring M, allowing the drum to revolve freely on the shaft. 


Loose drums are usually fitted with band brakes in order to 
reduce the wear on the friction blocks. This is especially de- 





FRICTION LEVER 






LEFT HAND 
THREAD 


Fic. 2,231.—Sectional view of friction control on loose drum. When the friction lever is turned 
counter-clockwise, the left hand friction screw pushes the thrust pin to the left. The pia 
in turn pushes the collar key, collar, and drum in the same direction causing the latter 
to engage with the friction blocks. 


sirable for long descents, as in tall office building construction, 
the wear and heat generated are excessive. 


Sometimes radial ribs are placed at the friction end of the drum to assist 
in dissipating the heat, by presenting additional surface for radiation, and 
inducing air currents. 


Foot Brakes.—When there is a winch head or spool, it is 
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necessary to have a band brake if the spool is to be used at the 
same time that the load is hanging on the drum. Fig. 2,232 
shows the usual type of brake which consists of a metal band 
lined with hardwood segments, and embracing the external 
circumference of the drum flange. 


The brake is operated by the foot, and, as shown, is of the diff i 
° ‘ J , , , erential 
type in which both ends of the band are pivoted to the rocker, but at 





; Dana. 

OTN TU 

Fic. 2,232.—Band brake for holding the drum with load when disengaged from the friction, 
The metal band lined with hardwood segments tightly embraces the circumference of the 
drum when the brake lever is pressed down. 


different distances from the center of the brake shaft, so that the strain 

brought by the load held, tends to turn the rocker in the direction to tighten 

the brake. By crossing the ends of the band at the rocker, the rotation of 

the brake shaft is limited, so that the foot lever, when released, cannot be 
’ lifted by its counterweight above a fixed and convenient position. 
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Electric Hoists.—In some cases, electricity is more conve- 
niently used than steam for operating hoists. Am electric hoist 
is virtually the same as a steam hoist with the boiler and engine 
omitted and an electric motor substituted with suitable gearing and 
control. 


How to Operate a Hoist.— Directions for double drum boom 
swinging hoist (fig. 2,235)—The engineer first throws in the 



































Fic. 2,233.—Lidgerwood brake and friction levers with safety attachment. When the friction 
lever A, is moved to throw the drum into gear, the pin I, on a projection of the friction lever 
presses against the curved part of the oscillating lever C, and releases the foot brake. 


Fic. 2,234,—Friction lever on hoisting drum; a latch and quadrant hold the drum in any posi- 
tion. : 


' NOTE.—Capacity of Hoisting Engine.—The horse power required to raise a load at a 
given speed is equal to 
gross weight in lbs. X speed in feet per minute 
33,000 
To this there should be added from 25 to 50 per cent for friction, contingencies, etc. The 


gross weight includes the weight of the cage, load, and rope. Inashaft with two cages balanc-~ 
ing each thus, the net load is taken. Ss 
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front friction drum lever sufficiently to hoist the load. He is 
then free to handle the boom, either raising or lowering it with 
the rear drum. 

When lowering the boom, he should do it both by the friction 
lever, and a slight pressure on the foot brake. This prevents 
the oscillating lever falling into place and locking the brake; it 
also allows control over the lowering speed of the boom, and as 
soon as it is lowered far enough, then, full pressure is put on the 
brake lever, and the friction lever thrown out, when the oscil- 
lating lever falls into place and locks the brake fast. This use 
of the two levers in combination for lowering the boom provides 
against the possibility of the foot slipping off the foot brake. 

It is important that the engineer keep the safety lever locked 
to the foot brake, and also the pawl applied at all times when 
the boom drum is not in use. The only exception to this rule is 
when working with a short boom and the time required to 
throw in the pawl is too valuable to lose. In such cases, the 
safety lever locked to the foot brake performs all that is required 
of the paw! and ratchet. 


Double Drum Boom Swinging Hoist.—The multiplication of 
drums is a feature in the development of the hoisting engine 
adapting it to service of a universal character, such as the 
working of a radial derrick where frequently several operations 
have to be performed at the same time. An example of hoist 
adapted to this class of work is shown in fig. 2,235. 

The forward drum is for hoisting the load, and the other 
for raising the boom. Between the drums and winch heads are 
two spools for the derrick swinging ropes. With this arrange- 
ment, the operations of hoisting the load, raising and swinging 
the boom can go on simultaneously. 

The winch heads are secured to the shaft by a sliding key 
having a sleeve upon which the swinging spools revolve. 
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Fic. 2,235.—Double drum hoist with boom swinging gear for operating a radial derrick. The 
machine is so constructed that the operations of hoisting the load, raising and swinging the 
boom may go on simultaneously. In operation, a rode is wound on the bull ring of the 
derrick and secured to the same in the center, as shown in fig. 2,236. Each of the two ends is 
fastened to one of the two swinging spools, enough rove being wound on each to give the 
required amount of motion to the bull wheel. By throwing the lever forward, it engages the 
friction clutch on that winch, causing it to rotate and wind in the rope, which turns the 
boom in one direction, the other winch meanwhile paying out the rope. The construction 
of the cams permit this, as the same movement which engages one friction, disengages the 
other. By throwing the lever backward, the friction of the rear spool is engaged, and the 
forward spool released. Thus, the boom can be turned in either direction. The cams oper- 
ating the frictions are so constructed that when the operating lever is in its central position, 
there is enough frictional contact in the swing spools to keep the ropes taut; therefore, when 
one spool is winding in the swinging rope, the other has sufficient friction to prevent the rope, 
which is paying out, overrunning. 


NOTE.—The use of the safety lever locked to the foot brake is desirable with a long 
springy boom, in chaining or dogging rock after a blast, at which time it may not be known 
whether the rock, which it is intended to hoist, is free. 

The effect of applying the strain for hoisting the rock is to spring the boom, and if the dogs 
fly loose, or the chain break, the boom springs back to its normal position, slackening for an 
instant the boom fall rope, which may throw out the pawl causing the boom to fall. 
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Friction adequate for the full power of the engine is used 
between the swinging spools and the winch heads. The fric- 
tional contact is produced by cams placed between the swinging 
drums and the frame of the engine; on the other side are anti- 
friction collars to take up the thrust. 

The operating cams are connected by links to the end of a 











HOISTING ROPES 
Fic. 2,236.—Base of a radial derrick, showing the bull wheel and boom swing’ng ropes, also 
the ropes for hoisting and raising the boom. 


lever, which is carried on a shaft extending across to the side 
where the engineer stands, and where the vertical detent lever 
for operating the swinging device is placed. 

The brake and friction levers for the drums are shown in figs. 
2,233 and 2,234. 

The friction lever of the rear drum, as shown in fig. 2,233, 
has an extension piece 1 with a pin, which moves upon the 
curved surface of an oscillating lever C. The latter has a notch 
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Fic. 2,237.—Diagram of Otis overmounted 1 to 1 traction elevator. The machine consists 
essentially of a motor, a traction driving pulley, and a magnetically released spring applied 
to brake, compactly grouped and mounted on a continuous heavy iron bed. The motor is 
of the slow speed shunt wound type. The drive from the armature spider to the pulley is 
effected through a flange integral with the spider and bolted directly to the pulley, thus 
eliminating tortional strains on the shaft and the use of keys. 
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at the lower end, engaging with a pin extending from the side 
of the foot brake lever. When the friction lever is moved, for 
the purpose of throwing the drum into gear, the pin on the end 
of the friction lever presses against the curved part of the oscil- 
lating lever and releases the foot brake. 

The friction lever of the front drum, as shown in fig. 2,234, is 
arranged with a thumb latch and detent engaging with serrated 
teeth in a quadrant by which the lever is held in any desired 
position. The drum is thus securely locked, so that hoisting 
may go on without any further attention to this lever. 

When the lever is moved back, the engineer places his foot 
on the foot brake lever for a moment and the oscillating lever 
drops back into its original position, engaging with the pin on 
the foot brake lever, and thereby locking the brake on the 
drum. It will be seen that this drum, with the boom hanging 
from it, is locked fast by the brake, the pawl being usually 
applied as an additional safeguard. 
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Saw Troubles— Sharp Edge Cutting Tools— 
Rough Facing Tools—Smooth Facing Tools— 
Boring Tools—Fastening Tools—Sharpening 
Tools—How to Sharpen Tools—How to Use 
the Steel Square—Joints and Jointing—Furni- 
ture Suggestions. 


No. 2 ON 

Mathematics for Builders—Strength of 
Timbers—Surveying—Practical. Drawing— 
How to Read Plans—Architectural Drawing 
—Specifications—Estimating—Building Sug- 


gestions. : 


No. 3 ON 


Laying Out—Foundations—House Frames— 
Girders and _ Sills—Joists—Framework of 
Outer Walls—Openings and Partitions—Roof 
Framing — Skylights —- Porches — Scaffold- 
ing and Staging—Hoisting Apparatus. 


No. 4 ON 

Roofing — Cornice Work — Mitre Work — 
Doors—Windows— ‘Sheathing and Siding— 
Stairs—Flooring—Interior Walls and Ceil- 
ings—Piazza Finish—Mill Work—Paints— 
Paipting—First Aid. 

















1,560 Pages 


3,750 Pictures 
FLEXIBLE COVERS 


$1.50 Each 
EXAMINATION 


If interested—cut out, sign and mail coupon 
below and you can see for yourselt , or use any 
stationery and write for your set today. 





_ Please cut coupon along dotted line. 





New York 


Please mail me for free examination 
AUDEL’S CARPENTERS & BUILDERS 
GUIDES (Price $1.50 a number). Ship at 

1 once prepaid the4 numbers. Ifsatisfactory 
I agree to send you $1 within seven days 
and to further mail you $1 each month 

1 until $6 is paid. 


tT 
I 
| Theo. Audel & Co, 65 W. 23rd St. 
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Employed by ......... 


Home Address 
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